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ERRATA SHEET 

1. All Freon data must be corrected to reflect fact that the number 
of moles of natural gas released at the cold field conditions 
exceed number of moles released during isothermal model tests. 
Hence the following formulae must be applied to both figures 
and tables, 

x 
= m x 

Pcorrected (x + (1 - x ) Tboiloff) m m 
T ambient 

K 
K = m 

Pcorrected T ambient (x ) + (1 - x ) (Q evaluated Tboiloff m m 
at ambient or 
STP conditions) 

(Typically as x varies from 1.0 to 0.0 
m 

C varies from'" 1.0 to 2.7 and 
C' varies from'" 0.3 to 1.0.) 

= C x m 

= C' x m 

2. Above corrections are required for relevant tables in Table 10, 
Figures 23, 24, 25-1 to -9, and 26. 

Note also that Tables 5, 6 and 7 must also be re-interpreted. 



EXECUTIVE SUMMARY 

Tests were conducted in the Environmental and Meteorological Wind 

Tunnel Facilities to evaluate the rate of dispersion and extent of down-

wind hazards associated with the rupture of large liquid natural gas 

cryogenic storage tanks. These tests were conducted on two different 

dike storage areas, varying in scale from 1:666 to 1:130. Two different 

model release gases were used to simulate the behavior of the cold methane 

plume. One was a gas of molecular weight 40.6 at 700 F and the other was 

a gas of molecular weight 16 at -260oF. Concentration and temperature 

measurements, and photographic records were obtained for different wind 

speeds, wind directions and boiloff rates under both neutral and stable 

density stratification. On the basis of the experimental measurements 

reported herein, the following comments may be made: 

lJ The dimensionless concentration coefficient is a function 

of non-dimensional downwind distance xI"r. This function suggests an 

initial decay rate in the region xI"r < 10 that is less than the decay rate in 

the region of xlUr > 10, and perhaps data should be evaluated in tt."'.'ms of 

a different length scale related to buoyancy parameters. 

2) The dimensionless concentration coefficient curves asymptotically 

approach the slope of those given by the appropriate Pasquill diffusion 

category for both neutral and stable flow. 

i 



3) Visualization of similar tests for the range of model scales 

used (1:130 to 1:666) indicate a similar plume geometry. Concentration 

results of the different model scales agree to within the experimental 

accuracy of approximately! 20%. Similarly identical tests also show good 

agreement. 

4) The effect of the increased aerodynamic turbulence of the High 

Dike over that of the Low Dike does not appear to influence the far down-

wind dispersion of methane gas for a continuous release. (Note however 

that one expects the boiloff rate of the Low Dike to be greater than that 

of the High Dike for equivalent volumes of spilt LNG.) 

5) Modeling of an adiabatic plume in a low humidity atmosphere by the 

use of a Freon l2-N2 simulation gas at 700 F tends to give lower concentra

tions at the same sampling positions than that of modeling unrestricted 

o plume behavior with the use of a He-N2 simulation gas at -260 F. This 

difference was noted to be as high as 1:6. 

ii 
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1.0 INTRODUCTION 

The objective of this study was to evaluate the rate of dispersion and 

extent of downwind hazards associated with the rupture of large liquid natural 

gas (LNG) cryogenic storage tanks. In particular the use of diked storage 

areas to reduce the extent of potential damage was examined. It is esti-

mated that in the 1980 time period 0.04 trillion cubic meters per year 

of natural gas will be supplied in the form of LNG. Thus safety at LNG 

facilities is of utmost importance to the gas industry and the public. The 

hazards associated with LNG release are fire and thermal radiation from such 

fires. If ignition does not occur immediately during an accidental LNG 

release, the boiling LNG produces vapors which are mixed with ambient air 

and transported downwind. This cloud is potentially flammable until the 

atmosphere dilutes the gas mixture below the lower flammable limit (LFL) 

(a local concentration for methane below 5 percent' by volume). If the flow 

from a rupture in a full LNG storage tank could not be stopped for some 

reason, 28 million cubic meters (IBSCF) of LNG vapor would be released 

. 80' I In mInutes. 

As a result of concern over such problems associated with the transporta-

tion and storage of LNG the gas and petroleum industries have sponsored a 

series of previous studies on cryogenic spills of LNG and other liquids such 

as liquid oxygen and liquid ammonia on both landl and water. 2,3 Figure I shows 

the peak concentration correlation with distance from spill from reference 1. 

Measurements of plume dispersion downwmd of large and small spills have also 

been incorporated into a variety of prediction models. I ,4,5 Unfortunately it 

appears that authors of these models interpreted available measurements quite 
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differently. 6, 7,8 In addition predictions are very sensitive to source 

type, boiloff rate, dispersion coefficient data, weather conditions, and 

expected peak to mean concentration ratio.9 

Further tests to illuminate the missing physics of LNG spill behavior 

would be appropriate. Wind tunnel laboratory measurements permit a degree 

of control of safety, meteorological, source and site variables not often 

feasibie or economic at full scale. 

There exists in the literature descriptions of a variety of different 

. dId 1 d' h d" . fl' h h 10,11,12, Wln tunne, mo e stu les on t e Isperslon 0 p urnes In t e atmosp ere. 

13,14,15,16,17,18 These studies are significant in that their results have 

been essentially confirmed by either direct prototype measurements or by the 

absence of the gases or dust~ that the study was directed to prevent. References 

11, 12, 14 and 15 incorporate such comparisons within their text. Reference 

10 has been compared with prototype measurements at the National Reactor 

Testing Station in southeast Idaho. 19 Agreement of the diffusion concentration 

results were very satisfactory. MartinIS favorably compared his wind tunnel 

study measurements about a model of the Ford Nuclear Reactor at the University 

of Michigan with prototype measurements. Finally, Munn and Co1e20 have taken 

diffusion measurements on a power station complex at the National Research 

Council, Ottawa, Canada, to confirm the general entrainment criteria suggested 

by the model studies of Davies and Moore. 12 

The purpose of this study is to provide basic information on the structure 

of vapor plumes resulting from LNG spills on land for a realistic range of 

meteorological variables, source variables and site features. Small scale 

models of the tank-dike complex were placed in a meteorological wind tunnel 



capable of simulating the appropriate meteorological conditions. The mean 

concentrations of LNG vapor at different downwind stations determined by 

sampling concentrations of a tracer gas (Propane or Krypton 85) releasod 

from the LNG dike area. A Freon 12-N2 gas mixture and a cooled He-N
2 

gas 

mixture were both used to simulate the LNG vapor. Overall plume geometry 

and behavior was obtained by photographing plumes which were made visible 

by the addition of titanium oxide. 

The general scope includes determination of the distance downwind to 

the LFL and how the plume behavior is affected by dike configuration, 

boiloff rate, wind direction, wind speed and thermal stratification. A 

wide range of meteorological conditions can be simulated in the Meteorological 

Wind Tunnel of the Fluid Dynamics and Diffusion Laboratory (FDDL) at Colorado 

State University. The conditions simulated for this study included the 

abiabatic lapse rate (thermally neutral flow) and the ground based inversion 

(stably stratified) situation. 

The modeling criteria necessary to simulate atmospheric motions over 

such a site are presented in Section 2. Details of the model construction 

and the experimental equipment are described in Section 3. Finally, Sections 

4 and 5 discuss the results obtained and their significance, 

This report is supplemented by a motion picture (in color) which shows 

the plume behavior for two different dike configurations under different 

boiloff rates and meteorological conditions. A set of these pictures were 

taken for two different simulation gases:. one of a Freon 12-Nitrogen mixture 

@ 70
0 F and one of a Helium-Nitrogen mixture at -260oF. 
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2.0 SIMULATION OF ATMOSPHERIC AND PLUME MOTION 

The use of a wind tunnel for model tests of gas diffusion in the 

atmosphere is based upon the concept that non-dimensional concentration 

coefficients will be the same at contigu~us points in the model and the 

prototype and will not be a function of the length scale ratio. Concen

tration coefficients will only be independent of scale if the wind tunnel 

boundary layer is made similar to the atmospheric boundary layer by satis-

fying certain similarity criteria. These criteria are obtained by inspectional 

analysis of physical statements for conservation of mass, momentum, and energy_ 

Detailed discussions have been given by Halitsky,l2 Martin,15 and Cermak. 22 ,23 

Basically the model laws may be divided into requirements for geometric, 

dynamic, thermic, and kinematic similarity. In addition, similarity of upwind 

flow characteristics and ground boundary conditions must be achieved. 

For the study of LNG spills, geometric similarity is satisfied by 

undistorted models of the different LNG tank and dike facilities with length 

ratios varying from 1:130 to 1:666. The 1:130 scale models were used to 

observe the near wake region by visualization techniques. The smaller 

models were used to observe the lateral spreading effects of the dense plume 

without any possible wall effects. A 1:200 model size was chosen for the 

majority of measurements as it did not constrain the plume' s character too 

severely, yet provided a boundary layer equivalent to 500-700 feet for the 

atmosphere and minimized wind tunnel blockage. (The ratio of projected area 

to the area of th~ wind tunnel cross section should not exceed five percent. 

The 1:200 scale model of the LNG tank and dike facility produced a blockage 

of approximately two percent in the Meteorological Wind Tunnel.) 
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2.1 MODELING THE ATMOSPHERIC SURFACE LAYER 

2.1.1 Modeling the Neutral Atmosphere 

Building and building complexes produce nonuniform fields of flow 

which perturb the regular upstream atmospheric wind profiles. Around each 

building a boundary layer exists in which the velocity is zero at the 

surface but increases rapidly to a relatively constant value a short 

distance from the building wall. Outside of the boundary layer and down

stream there exists a region of low velocities and pressures called the 

cavity. In this region circulations are such that flow may actually 

reverse with respect to the upstream winds. Surrounding the cavity but 

extending further downstream is a parabolic region called the wake in 

which the presence of the building is still evident in terms of deviations 

of velocity, turbulence, and pressure from conditions found in the up

stream atmospheric boundary layer. 

The formation of the wake and cavity regions are associated with a 

phenomena called boundary-layer separation. Under certain conditions the 

boundary layer actually detaches and enters the flow streaming about the 

building. This may occur on a curved surface if the pressure increases due 

to a decelerating flow field. The separated boundary layer forms a sheet 

which completely surrounds the cavity region which contains relatively stagT".n:t 

fluid. The extent of the wake and cavity region behind an LNG tank facility 

is of large importance as it is here that the initial rate of dispersion 

of the LNG vapor is dictated. 

When interest is focused on modeling the atmospheric motion over. a 

building complex in a thermally neutral atmosphere the following variables 

are of primary significance: 
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Pa = density of ambient air 

v = kinematic viscosity of ambient air 

UH = speed of ambient wind at tank height 

H = tank height 

h = dike height 

d = dike diameter 

o = thickness of planetary boundary layer 

Zo = roughness heights for upwind surface 

n = local angular velocity component of earth 

Grouping the independent variables into dimensionless parameters with 

Pa, UH, and H as reference variables yields: 

o d h Zo iT ' iT ' iT ' Ii - Various length scale ratios 

- Rossby number 

UHH _ Reynolds number 
v 

For the model atmosphere to be completely representative of the 

full-scale atmosphere, the values of these six dimensionless numbers plus 

similarity in approach flow velocity and turbulence profiles should be the 

same for model and prototype. 

The laboratory boundary-layer-thickness parameter o/H was made close 

to that for the atmosphere. A value for this ratio of at least 3.0 was 

established for the highest tank. Equality of the effects of the surface 
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parameter zo/H for model and prototype was achieved through geometrical 

scaling of the building complex and similarity of the upwind velocity 

profile. Likewise the dike parameters d/H and h/B were equal for model 

and prototype. 

Dynamic similarity is achieved in a strict sense if a Reynolds number 

and a Rossby number 
U

H for the model is equal to its counterpart 
Hn 

for the atmosphere. The model Rossby number cannot be made equal to the 

atmospheric value. However, over the short distances considered (up to 

6000 ft), the Coriolis acceleration has little infruence upon the flow. 

Accordingly, the standard practice is to relax the requirement of equal 

23 Rossby numbers. 

Kinematic similarity requires the scaled equivalence of streamline 

movement of the air over prototype and model. It has been shown by 

GoldenlO that flow around geometrically sinilar sharp-edged h'lildings at 

ambient temperatures in a neutrally stratified atmosphere should be 

dynamically and kinematically similar wlen the approachilg flow is kine-

matically similar. This approach depends upon producing flows in which 

the flow characteristics become independent of Reynolds number if a lower 

limit of the Reynolds number is exceeded. For example, the resistance 

coefficient for flow in a sufficiently rough pipe as shO\\fn in Schlicting24 

(p. 521) is constant for a Reynolds number larger than 2 x 104. This 

implies that surface or drag forces are directly proportional to the mean 

flow speed squared. In turn, this condfrion is the necessary condition 

for mean turbulence statistics such as root-mean square value and correlation 

coefficient of the turbulence velocity components to be equal for the model 

21 23 and the prototype flow. ' 
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Golden, as cited by Halitsky,10,2l studied effluent discharged into 

the air stream from a vent flush with the surface of a cube. The non-

dimensional concentration isopleths above the cube showed only slight varia-

tions over the entire range of Reynolds number tested from 3000 to 57,000. 

Maximum concentrations on the roof itself were invarient for Reynolds numbers 

greater than 11,000. 

Cermak22 cited that this same criterion may be applied to smooth 

surfaces if the points of separation on the model and prototype are made 

similar by modification of the model's surface roughness characteristics. 

For the present study this minimum Reynolds number criterion was relaxed 

in light of the fact that Golden's results were obtained in a near uniform 

flow and it is believed that for a turbulent shear flow this minimum 

Reynolds number criterion would be significantly lower than 11,000. The 

range of Reynolds numbers for the 1:200 scale models ranged from 2,700 to 

11,500. Correlation tests of flow about the Rock of Gibraltar, flow ovp.~ 

Pt. Arguello, California, and flow over San Nicolas Island, California, 

may be cited as examples of large Reynolds number flows which have been 

modeled successfully in a wind tunne1. 2S ,26,27 

The need for scaling of the atmospheric mean wind profile was demon

strated by Jensen. 28 Substitutions of a uniform velocity profile for a 

logarithmic profile results in threefold variation in the dimensionless 

pressure coefficient downstream of a model building. Such variance in the 

pressure fields indicates a strong effect of the upstream wind profile on 

the kinematic behavior of the fluid near the building complex. One of 

the few tunnels currently capable of generating a turbulent boundary layer 

thick enough for a 1:200 model scale is the Meteorological Wind Tunnel at 

Colorado State University. Other investigators have attempted to generate 
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logarithmic profiles in short tunnels by inserting special grids upstream 

of the test section; however, this technique normally creates a nontypical 

turbulence field which decays rapidly downstream. 

For this study the simulated approach mean-wind conditions were des-

cribed by an exponent of the velocity distribution power law of p = .23 to 

P = .34. This was found to be adequate for an upstream fetch of hedges, 

trees, or city suburbs for p = .23 and of cities for p = .34. 23 Approach 

velocity was modified by suitably adjusting the roughness condition upwind 

of the model such that the measured velocity confirmed with the following 

relation. 

To summarize, the following scaling criteria were applied for the 

neutral boundary layer situation: 

1) Re = UHH relaxed 
v 

2) Ro = UH relaxed 
HQ 

3) 
($ 

(il)m 
~ <5 

(H)p 

D D 
(il)m = (H)p 

h h 
(il)m = (il)p 

z z 
(....Q..) = (HO)p H m 
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4) Similarity in approach flow characteristics was maintained 

by adjustment of p in the relation 

2.1.2 Modeling the Stratified Atmosphere 

When a warm air mass layers on top of a cold air mass what is 

known as an inversion develops. Yang and Meroney29 found that inversion 

stratification causes smaller transverse spread in a diffusing plume 

behind a simple model building. The stratification "freezes" the plume 

growth in the vertical direction once aerodynamic mixing has subsided. 

When thermal stratification is present, additional requirements must 

be met to achieve similarity of the atmospheric motion. These requirements 

have been discussed previously by Cermak,30 Yamada and Meroney,31 and 

SethuRaman and Cermak. 32 Similarity of the stably stratified flow 

approaching the LNG facility can be achieved by requiring equality of 

the bulk Richardson number 

H 

il H 
I 

for the laboratory flow and the atmosphere. In this expression, AT is 

the difference between mean temperature (potential temperature for the 

atmosphere) at the surface and at the height H, T is the average tempera

ture over the layer of depth H and g is the acceleration due to gravita

tional attraction. 
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For a strong stably stratified flow it is expected that the 

power-law coefficient for the velocity profile will increase in magnitude. 

Sutton reports measurements over an English airfield of coefficient values 

of 0.44, 0.59, 0.63,0.62 and 0.77 when the temperature change over a 400 

foot depth was 2-4, 4-6, 6-8,8-10 and 10-120 F, respectively.33 Panofsky, 

et al., have produced a nomogram from diabatic wind profile measurements 

for the power-law coefficient variation versus surface roughness, %0' and 

stability length parameter, L, which suggests values for strongly stable 

situations between 0.25 to 0.6. 34 

2.2 MODELING OF PLUME MOTION 

Grouping independent variables which govern the motion of an LNG 

vapor plume into dimensionless parameters with Pa , UH, and H as reference 

variables yields: 

Pg - Pa 

Pa 

Modified Froude number 

- Momentum ratio 

Gas density ratio 

- Non-dimensional spill rate 
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where the previously undefined independent variables are 

Pg = density of methane gas 

Q = boiloff rate of methane 

It is possible to obtain full-scale values of these dimensionless 

parameters by reducing the reference velocity, UH' to very low values 

(of the order of 0.7 ftls to simulate a 10 ftls full-scale wind). In 

some cases investigators modify the density ratio (Pa - Pg)/Pa to permit 

the use of larger and more convenient values of UH (Hal135). Unfortunately 

this also modifies inertial effects and volume dilution rates so this 

modification was not performed on this study. 

Previous experiments by Hoot and Meroney~6 Bodurtha,37 Van Ulden,5 

and Boyle and Kneebone38 have confirmed that the Froude number is the 

parameter which governs plume spread rate, trajectory, plume size and 

entrainment when gases remain negatively buoyant during their entire 

trajectory. In the case of spills of LNG, buoyancy of the plume will be 

a function of both mole fraction of methane and temperature. Thus, 

depending upon the relative rate of entrainment of ambient gases versus 

rate of thermal transport from surrounding surfaces the state of buoyancy 

may vary from negative to positive. 

To clarify this point consider the case of adiabatic mixing of the 

subject gas with ambient gases together with a fractional transport of 

thermal energy to a plume. A one-dimensional mixing model including con-

siderations of conservation of energy and mass plus thermodynamic defini-

tions of mixture properties produces 
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M M 
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where S.G. is the specific gravity of the mixture, x is mole fraction of 

spilled gas, M is molecular weight, cp is the molar specific heat capacity, 

n is moles, Ol is specific humidity, and subscripts g, a and wv are spilled 

gas, air, and water vapor respectively. If one in addition assumes a linear 

decrease in plume temperature with mole fraction, a constant heat transfer 
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coefficient, and a total thermal deficit equal to ngcp (Ta-Tg), then 
g 

q 
n c* T a Pa a 

Cp T 
= A(c*g) (1- r) (I-x) (x) 

P a a 

where A is a fraction between 0 and 1.0. Finally if one may assume w, 

w Ma/Mwv' and to M 1M c* Ic* are small with respect to w M 1M h* Ic*p T , a wv P wv P a a wv wv a a 

then 

S.G •• t mlX 

M cp 
== {X(~M - 1)+1} • {x(--i - 1)+1} 

a cp 
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M h* h* M wv a 
... w c* T M 
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cp T 

- 1) 

+ 1 + A ~ (1 - -IT ~(1-x)(x)} cp 
8 a 

c* 
Pg 

7- {x (cr - 1) + 1} 
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This simple model assumes all water vapor entrained is condensed and ignores 

the heat of solidification as a mean heat addition. Liquid water should re-

evaporate only after T/Ta > .93. 

Sample computations for methane spills suggest qualitative behavior as 

shown in Figure 2. If the relative humidity is zero, depending' upon A (heat 

transfer rate) the behavior of buoyancy forces will vary markedly with dilution. 

Thus it is important to model not only the initial Froude number of a plume 

but its characteristic variation with dilution also. Room temperatures of 

N2 -Freon-12 mixtures will behave like the A = 0 case, dud a release of 

nitrogen cooled to 2l7oK will perform similar to a marginally buoyant methane 

spill (A = 1/3). For A = 0 but finite values of humi~i+-' it is seen in Fig. 

2 that humidities greater than 60 percent may produce marginally buoyant 

plumes as a result of adiabatic mixing. A mixture of helium and nitrogen 

(x = 0.5, ~~ = 0.5) adjusted to produce a molecular weight equal to that 
He N2 

of methane, which is cooled to methane boiloff temperatures (lIZoK) should 

simulate the variable Froude number characteristic but with a nonfl~~able 

gas. 

Consideration of the heat transfer conditions suggests that surface 

heat transport from the ground will be a function of the Boundary Fourier 

Modulus function 

BPM Plume time over surface = Time constant to change surface 
temperature 
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h = surface heat transfer coefficient 

ks = surface conductivity 

a = s surface diffusivity 

a = time of plume trajectory = x/u. 

Examination of the range of this term suggests that for field and wind 

tunnel configurations BFM « 1.0; thus, it is sufficient to maintain the 

surface temperature in the laboratory constant. Since the turbulence 

characteristics of the flow are dominated by roughness, upstream profile 

shape, and stratification one expects that the Stanton number in the field 

will equal that in the model, i.e., Stm = Stp ' and heat transfer rates in 

the two cases should be in proper relation to plume entrainment rates. 

To summarize, the following scaling criteria were applied to the 

motion of the LNG vapor plume: 

1) (UJ}2)m = (u~2)p Non-dimensional spill equality 

2) (Pg - Pa Ps - Pa 
P )m = ( P )p 
a a 

Density ratio equality 

2 2 

3) 
PSQ 

= 
PSQ 

(Pau~4)m (p u2H4)p 
a H 

Momentum ratio equality 

2 2 

4) 
paUH paUH 

(g (p -P )H)m = (g(p -p )H)p 
a g a g 

Froude No. equality 

Tables 1 and 2 give the values of the pertinent scaling criteria for the 

prototype and model respectively. 
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3.0 DATA ACQUISITION AND ANALYSIS 

Measurements in wakes require considerable care, both in their 

acquisition and in their interpretation. In this section the methods 

used to make measurements and the techniques used in converting directly 

measured quantities to meaningful physical quantities are discussed. 

Attention is drawn to the limitations in the techniques in an attempt 

to prevent misinterpretation or misunderstanding of the results to be 

presented in the next section. Many of the methods used are very common 

and need little explanation. However, particular attention is drawn to 

Kr-85 and Hydrocarbon systems used to measure mean concentration. These 

systems were developed during the course of this research at Colorado 

State University for high resolution meaSUlements of concentration. 

3.1 THE WIND TUNNEL FACILITY 

The majority of the experiments were performed in the Meteorological 

Wind Tunnel (MWT) shown in Figure 3. This wind tunnel, especially designed 

to study atmospheric flow phenomena, incorporates special features such as 

an adjustable ceiling, a rotating turntable, temperature controlled boundary 

walls, and a long test section to permit adequate reproduction of micrometeoro

logical behavior. Mean wind speeds of 0.2 to 130 ft/sec (0.14 to 90 mi/hr) 

in the MWT can be obtained. Boundary-layer thickness up to four feet can 

be developed "naturally" over the downstream 20 feet of the MWT test section. 

Thermal stratification in the MWT is provided by the heating and cooling 

systems in the section passage and the test section floor. The flexible test 

section roof on the MWT is adjustable in height to permit the longitudinal 

pressure gradient to be set at zero. A set of vortex generators were 
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installed two feet downwind of the entrance to give the simulated boundary 

layer an initial impulse of growth. From 6 to 40 ft a set of 12 roll-bond 

aluminum panels were placed on the tunnel floor. These panels were connected 

to the facility refrigeration system and cooled to approximately 32oF. 

Fillets were installed in the bottom tunnel corners to cover the plumbing 

connections and reduce resulting wake turbulence. From 40 ft to the end 

of the test section a permanently installed set of cooling panels were used 

to also lower the aluminum floor temperature to a level of 32°F. The free 

stream temperature was raised to a level near 11SoF as prescribed by the 

Bulk Richardson number. The Facility is described in detail by Plate and 

Cermak39 . 

The Environmental Wind Tunnel (EWT) shown in Fig. 4 was used for part of 

the neutral flow study. This wind tunnel, specially designed to study atmos-

pheric flow phenomena, incorporates special features such as adjustable 

ceiling, rotating turntables, transparent boundary walls, and a long test 

section to permit adequate reproduction of micrometeorological behavior. 

Mean wind speeds of 0.2 to 50 ft/sec (0.14 to 40 mi/hr) in the EWT can be 

obtained. In the EWT boundary layers three feet thick over the downstream 

20 ft can be obtained with the use of the vortex generators at the test 

section entrance. The flexible test section roof on the EWT is adjustable 

in height to permit the longitudinal pressure gradient to be set at zero. 

3.1.1 Test Configuration in the MWT 

Vortex generators were installed at the tunnel entrance together with 

an initial roughness to accelerate the preliminary growth of the modeled 

boundary layer. The 1:200 scale LNG tank models were constructed to represent 
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a swath 600 feet to the right and left of the wind orientation chosen. 

The floor of the tunnel was equipped with up to 50 taps arranged in 

sampling arrays to measure ground level and vertical profile concentra

tions. A typical example of the sample array used is shown in Figure 

No.5. 

3.2 MODEL 

Two different LNG tank and dike facilities were modeled, one entitled 

the Representative High Dike, the other the Representative Low Dike. The 

drawings indicating full scale dimensions were supplied by R&D Associates 

and are presented as Figures 6 and 7. For the representative high dike 

three different model scales were made - 1:500, 1:200, and 1:130. For the 

representative low dike two different model scales were made - 1:666 and 

1:200. In addition to these five models, which were constructed from 

lucite and styrafoam, there were two models of the 1:200 scale made of 

steel. These two steel models were made in the form of liquid nitrogen 

reservoirs so that a release gas of Helium and Nitrogen at -260°F would not 

be preheated during flow within the model. figure 8 shows a schematic of 

the construction of these models. 

Two different simulation gases were premixed and stored in large, high 

pressure tanks. One was a mixture of 13% Freon, 5% Propane, and 82% Nitrogen 

which was released at room temperature. The other was a. mixture of 52% 

Helium, 48% Nitrogen, and trace Krypton-85 which was released at -260°F. 

These two gas mixtures had molecular weights of 40.6 and 16 respectively. 

Depending upon the test being undertaken, one of these gas mixtures was 
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allowed to flow from the model, simulating the exit flow rate and buoyancy 

effects due to the density difference between LNG vapor and the ambient 

atmosphere. This gas was metered by Fischer-Porter precision flow rators 

which were adjusted for pressure, temperature, and molecular weight effects 

as necessary. Figures 9 and 10 show an outline of the two different gas 

release systems. 

For all of the tests involving concentration data the release gas flow 

rates were held at different constant values. For flow visualization the 

variable boiloff nature of the plume was also simulated in addition to 

the constant flow rate tests. Equations for the boiloff of methane with 

respect to time for the different full scale cases were provided by R&D 

A 
. 9 ssoclates. Graphs of the boiloff vs time for both full scale and 1:200 

scale are provided in Figures 11 and 12 for both the high and low dikes 

respectively. The mechanism that was used to control the time dependent 

flow rate through the 1:200 scale model is shown in Figure 13. 

3.3 FLOW VISUALIZATION TECHNIQUES 

Smoke was used to define plume behavior over the LNG Facility. The 

smoke was produced by passing the simulation gas mixture through a container 

of titanium tetrachloride located outside the wind tunnel and transported 

through the tunnel wall by means of a tygon tube terminating at the dike 

inlet within the model. The plume was illuminated with arc-lamp beams. 

A visible record was obtained by means of pictures taken with a Speed Graphic 

camera utilizing Polaroid film for immediate examination. Additional still 

pictures were obtained with a Hasselblad camera. Stills were taken with 

camera speeds of approximately one second. A series of color motion 
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pictures were also taken with a Bolex motion picture camera mounted on 

a movable dolly which was traversed the length of the tunnel parallel to 

the plume trajectory at the average wind speed. 

3.4 WIND PROFILES AND TEMPERATURE MEASUREMENTS 

A Datametrics Series 800-L Linear Flow Anemometer was utilized to 

measure the upstream velocity profiles in both the neutrally and stably 

stratified flow fields. This instrument is accurate to within 2% of its 

reading. 

Measurement of temperature was made with a miniature thermistor 

(Fenna1 glass coated bead) system constructed by Yel1owsprings, Corp. 

(YSI Model 42 SC). 

3.5 GAS TRACER TECHNIQUE FOR FREON-AIR SIMULATION 

After the flow in the tunnel was stabilized, a mixture of propane, 

Freon 12 and Nitrogen of molecular weight 40.6 was released from the model 

dikes at the required rate. Samples of air were withdrawn from the sample 

points isokinetica11y and analyzed. The flow rate of propane mixture was 

controlled by a pressure regulator at the supply cylinder outlet and 

monitored by a Fischer and Porter precision flow meter. The sampling 

and detection systems are shown in Figure 14. 

3.5.1 Analysis of Data 

Propane is an excellent tracer gas in wind tunnel dispersion studies. 

It is a gas that is readily obtainable and whose presence may be detected 

utilizing flame ionization and gas chromatography techniques. 
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The procedure for analyzing the samples was as follows: 

1) 2 cc volumes of the source gas, tunnel background air, and 

sample gases from within the plume were introduced into the 

Flame Ionization Detector individually. 

2) The output from the electrometer was integrated for each of 

these gases and the readings in volt-seconds were recorded. 

3) The correction for background level was performed on the 

sample gases. (volt-sec sample) t d = (volt-sec sample) -correc e 

(volt-sec background) 

4) The percentage of source gas remaining at each sample point 

5) 

is expressed as percent methane. 

(% methane) = (volt-sec sample)corrected X (100) 
(volt-sec source) 

- 2 The dimensionless concentration parameter (xu H /Q)m was calculated 

for each sampling point knowing that 

x = (% methane) T 100 

u = mean speed of wind averaged over the tank height 

H = tank height 

Q = source gas flow rate 

subscript m = under model conditions 

6) Since the dimensionless concentration parameters are equivalent 

between model and prototype, one may calculate percent methane 

at points in the field under any condition with an equivalent Froude 
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number, density ratio, and dimensionless source ratio and similar approach 

velocity and Richardson number profiles. For example, say that a boiloff 

of 944.6 Ibm/sec of methane under a mean wind speed of 22 ft/sec over a 

tank height of 129 ft is of interest. Then for a point where 

944.6 
1.0 and Qp = .1047 = 3 9021 ft /sec where 

3 .1047 Ibm/ft . 

% methane = 100 X = 
P 

XU H2 Q 
-Q- I x -~ I x 100 m u p 

9021 = 1.0 x 22(129)2 x 100 = 2.5. 

3.5.2 Errors in Concentration Measurement 

The reference state for the flame ionization detector is established 

by a constant carrier flow of nitrogen. At this baseline level the output 

from the electrometer was set at zero. When a sample passes through the 

detector the output from the electrometer rises to a level proportional to 

the amount of tracer gas flowing through the detector. Since the chromatograph 

used features a temperature control on the flame and electrometer there is very 

low drift. The integrator circuit is designed for linear response over the 

range considered. A total system error can be evaluated by considering the 

standard deviation found for a set of measurements where a precalibrated gas 

mixture is monitored. For a gas of - 100 ppm propane ± 1 ppm the average 

standard deviation from the electrometer was two percent. 
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Since the source gas was premixed to the appropriate molecular 

weight and repetitive measurements were made of its source strength 

the confidence in source strength concentration is similar. The flow 

rate of the source gas was monitored by Fischer-Porter Flowmeters which 

are expected to be accurate to t two percent including calibration and 

scale fraction error. The wind tunnel velocity was constant to ± 20 

percent at such low settings.. Hence the cumulative confidence in the 

measured values of xUk2/Q will be a standard deviation of about t 20 percent, 

whereas the worst cumulative scenario suggests an error of no more than 

± 30 percent .. 

The lower limit of measurement is imposed by the instrument sensitivity 

and the background concentrations of hydrocarbons in the air within the 

wind tunnel. Background concentrations were measured and subtracted from 

all measurements quoted herein; however, a lower limit of 1 to 2 ppm of 

propane is available as a result of background methane levels plus previous 

propane releases. An upper limit for propane with the instrument used is 

10 percent propane by volume; however, chromatograph columns are necessary 

to avoid overwhelming the detector when propane concen'trations are above 

5-6 percent. A recent report on the flame ionization detector for sampling 

gases in atmospheric wind tunnels prepared by Dear and Robins40 arrives at 

similiar figures. 

3.6 GAS TRACER TECHNIQUE FOR HELIUM-NITROGEN SIMULATION 

Since propane liquifies at temperatures well above -260°F it was excluded 

as a possible tracer for this simulation gas. Krypton-8S remains a gas at 

these temperatures if it is present at a very low partial pressure; therefore 

it was decided to use Krypton-8S as a tracer. 
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After the flow in a tunnel was stabilized a mixture of Kr-85, 

Helium, and Nitrogen of molecular weight 16 was released from a model 

dike at the required rate. Samples of air were withdrawn from the 

sample points on the wind tunnel floor and analyzed. The flow rate of 

Kr-85 mixture was controlled by a pressure regulator at the supply 

cylinder outlet and monitored by a Fischer and Porter precision flow 

meter. Source concentration was from .0101 to .0125 ~c./cc of Kr-8S, 
1 

a beta emitter (half lifetime = 10.6 years). The sampling and detection 

systems are shown in Fig. 15. 

3.6.1 Analysis of Data 

Krypton-8S is a radioactive noble gas with a half life of 10.6 years. 

The gas decays by emission of beta particles with small amounts of gamma 

rays. The gas has many advantages over the other tracers used in wind 

tunnel dispersion studies. It is diluted with air about a million times 

before use, and as such, has properties very similar to those of air. Its 

detection procedure is fairly simple and direct. 

The procedure for analyzing the concentration data was as follows: 

1) 100 cc volumes of the source gas, tunnel background air, and 

sample gases from within the plume were introduced into the 

jacketed G.M. tubes individually. 

2) The counts per minute of each of these gases were recorded. 

3) These counts were transformed into concentration values by the 

following step:-

Cpm* = Cpm - Background (Cpm) 

(~~ Curie/cc) = Cpm* x Counting Yield (p Curie/cc/Cpm) 

-p Curie: pico curie (10-12 curie) 
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4) For counts over 1,000 a dead time correction~ had to be 

applied to the readings, and in this case the correction is, 

Cpm* Cpm - Background 

Cpm* Cpm* 

1 - 2.00 x 10-6 x Cpm* 

(p Curie/cc) = Cpm* x Counting Yield 

5) The percentage of source gas remaining at each sample point is 

expressed as percent methane. 

(% methane) 
(~~ Curie sample) x 100 

(~~ Curie Source) 

- 2 6) The dimensionless concentration parameter (xu H /Q)m was calculated 

for each sampling point as before. 

Errors in Concentration Measurements 

Where data is obtained with a scaler counter, the apparent activity of 

a radioactive source is found by subtracting the background rate from the 

observed sample-pIus-background rate. The background rate is measured 

separately and has an uncertainty of its own due to random radioactive sources. 

If the background is present, the standard deviation in the net counting 

rate for a sample is 

R 
(s+b + 

t s 

~ The time taken for the positive space charge to move sufficiently far from 
the anode for further pulses to occur. 
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where Rs+b is the observed sample-pIus-background rate, ~ is the 

background rate, ts and tb are the measurement time for the sample 

and background, respectively. The standard deviation in the sample rate 

depends, then, upon both the time for sample measurement and that for 

the background-rate measurement. When Rs+b is large in comparison with 

Rb , a long background measurement is not needed to make the error con-

tribution from the background rate negligible. On the other hand, when 

R s+b is comparable to Rb , both ts must be very long for small 

values of oR' In the present experiments, an effort was made to keep 
s 

the probable errors in concentration measurements within 10 percent. For 

this reason the sample counting time and background counting time were 

manipulated with this end in view. More detailed information on errors 

29 in radioactivity measurements can be found in Yang and Meroney. 
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4.0 TEST PROGRAM 

The test program consisted of (1) a qualitative study of the flow 

field around the different tank and dike facilities by visual observation 

of the plume released from the dike area; and (2) a quantitative study 

of gas concentrations produced by the release of a tracer from the dike 

area. The test conditions are summarized in Table 2. Both of these 

qualitative and quantitative studies were performed with two different 

model simulation gases. One was a Freon-Nitrogen gas mixture at 700 F 

(S.G. 1.4) to model the characteristics of an adiabatic plume in a low 

humidity atmosphere. The other was a Helium-Nitrogen gas mixture at 

o -260 F (S.G. 1.4) to model plume behavior without placing the above re-

strictions on heat transfer rate and atmospheric conditions. For a more 

complete description of simulation gas characteristics refer to Section 2.2. 

Downwind distances refer to lengths converted from model to prototype 

as measured from the center of the LNG tank. Unless otherwise noted, the 

term wind velocity refers to the velocity in the undisturbed free stream 

at an equivalent height of 130 feet, a velocity at any reference height is 

available by referring to the appropriate velocity profile (Figures 16-19). 

5.0 TEST RESULTS 

5.1 CHARACTERISTIC OF FLOW 

All the concentration and most of the visualization experiments were 

carried out in the MWT over the range of conditions shown in Table 2. The 
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atmospheric boundary layer was modeled to produce velocity and temperature 

profiles that may be found typically under prototype conditions. 

For the neutral flow situation two different velocity profiles were 

obtained, one for the low wind speed case (Figure 16) and one for the 

high wind speed case (Figure 17). These model velocity profiles reproduce 

a power-law behavior with exponents of 0.34 and 0.23 respectively. These 

exponents adequately represent flow over a small city for the 0.34 exponent 

and flow over grasslands for the 0.23 exponent. 

For the stable flow situation two different sets of velocity and 

temperature profiles were obtained, one for the low wind speed case (Figure 18) 

and one for the high wind speed case (Figure 19). The model velocity profiles 

reproduce a power-law behavior with exponents of 0.75 and 0.72 respectively. 

The Bulk Richardson number for the low wind speed case was 3.21 and for the 

high wind speed case was 0.73. 

5.2 VISUALIZATION 

Visualization test results consist of photographs, sketches (Figures 20, 

21, 22), and movie sequences showing the general nature of airflow and 

diffusion in the vicinity of the LNG tank and dike complex. A general 

un~erstanding of wake and cavity flows is helpful for an interpretation of 

the plume behavior. 4l Complete sets of movie and still photographs supplement 

this report. Color motion pictures have been arranged into titled sequences, 

and the sets available are summarized in Table 4. 
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Flow visualization indicates that the initial movement of both the 

plume simulated by a Freon l2-N2 gas mixture at 700 F and the plume simulated 

by a He-N2 gas mixture at -2600 F displayed a bouyancy dominated character. 

The plume fell rapidly down over the dike walls to the ground and then 

proceeded slowly downwind in an undulating wavelike motion until the 

atmospheric turbulence started to penetrate this seemingly layered flow 

and thus give way to increased vertical dispersion with distance downwind. 

For the Freon l2-N2 simulation gas this layering effect was strongly 

dependent upon the stability, boil off rate, and distance downwind. With 

neutral stratification the largest boiloff rates simulated (3960 and 2400 

Ibm/sec for the High Dike and 2534 Ibm/sec for the Low Dike) gave this 

layered appearance for upwards to a prototype equivalent distance of 1500 

feet downwind. Figures 20, 21 & 22 give an artist representation of this 

o type of plume geometry for the High Dike, Low Dike at 0 , and Low Dike at 

450 respectively. For the lower boiloff rates this layered appearance was 

broken up by within 200 feet of theplumets leading edge. With stable 

stratification similar observations were made but instead of the layered 

appearance giving way to vertical plume growth, the layered appearance dis-

sipated into a wispy, illdefined upper plume boundary that did not grow 

significantly with height as it moved downwind. 

For the He-N2 simulation gas the observation of this layering effect 

was most strongly dependent upon stability. With neutral stratification 

the plume was entrained heavily into the building wake, thus diluting the 

plume enough so as to make a visual observation of layering difficult. But 
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for the lower wind speeds it was observed that a faint layered appearance 

did exist out to an equivalent distance of 1500 feet. With stable strati

fication the layering effect was seen to persist at very large distances 

downwind and its existence was not markedly effected by the boiloff rate. 

For the large boiloff rates this layered appearance existed for the entire 

length of the MWT test section, an equivalent distance of 6600 feet from 

the release point. For the smaller boiloff rates this layered region 

existed as far downwind as the plume was visible. 

The initial lateral spread and upwind travel of the plume varied 

markedly with dike geometry, boiloff rate, wind speed, stratification, and 

simulation gas. The initial lateral spread of the plume was a very well 

defined curve for the Freon-N2 simulation fas as it was tagged with titanium 

oxide which produces a very dense smoke. Unfortunately this same technique 

could not be applied to the He-N2 simulation gas so all visualizati~n was 

dependent on frozen water particles within the cold plume. This method of 

plume visualization did not allow one to define the actual border of the 

plume; it only gave a representation of where the main bulk of the plume 

was located. Due to this the remainder of the discussion on plume boundaries 

will be limited to only the Freon l2-N2 simulation gas. 

For the same dike geometry the rate of initial plume spread in the 

iateral directions varied directly with boiloff rate and inversely with 

wind speed. That is, to maintain approximately the same rate of spread 

with an increased boiloff, the wind speed would have to be increased and 

vice versa. At low wind speeds and high boiloff rates the gravity spread 

rate increases to a point where the plume would spread out to the walls of 

the tunnel and then crawl upwind of the dike complex in a front perpendicular 
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with the wind direction. With stable stratification the plume would 

spread out on the ground and migrate quite far upwind (1000 feet) for the 

higher boiloff rates and low wind speeds. This upwind movement was present 

to some extent for the lower boiloffs and higher wind speeds. The effect 

of the different dike geometries is presented in Figures 20, 21, and 22. 

The observed effects of the wake and cavity regions generated by the 

aerodynamics of the tank and dike structure varied with tank and dike 

geometry, wind speed, and stratification. For the Low Dike and Tank com-

plex the effect of increased plume dispersion due to turbulence in its wake 

was insignificant. The only aerodynamic effect noticeable for this structure 

was that of a standing plume in the cavity regions of the tank and dike. For 

the High Dike and Tank the effect of increased plume dispersion due to 

turbulence in its wake was most significant. Strong vortices which formed 

near the ground on each side of dike structure would entrain a large amount 

of the plume and transport it downwind. This effect would give the plume a 

bifurcated form on the ground with what appears to be maximum concentrations 

travelling downwind at a separation distance slightly greater than that of 

the dike diameter. Another vortex was generated on the tank top and tra-

veIled slightly upward in the downwind direction. This vortex appeared to 

act as a vent to the standing plume in the cavity region. A similar 

d . h· h b d f fl h . h 42 aero ynam1c structure as t 1S as een reporte or ow over a em1sp ere. 

The strength of these vorticies was enhanced by an increase in wind speed 

but seemed to disappear almost completely in a stable atmosphere. 

5.3 CONCENTRATION MEASUREMENTS 

Turbulent diffusion of a simulated LNG plume for two different LNG 

tank and dike complexes was studied. Concentration measurements were obtained 

for as many as 50 different sample points distributed over a ground level 
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zone of 300 to 6600 feet by 800 feet wide and in the vertical over a height 

of 0 to 400 feet. A representative layout of this array is shown in 

Figure S. One is referred to Table 10 for the specific location of each 

sampling point for the different tests performed. All concentration data 

~2 
has been placed into the dimensionless forms of xuH Q and X x 100, 

where X is the normalized concentration observed at the sample point, 

-Q is the boiloff rate, u is the mean wind speed averaged over the height 

H. An explanation of how these values are obtained and how to use them is 

given in Section 3.5.1. The ranges of the various scaling parameters and 

test conditions are summarized in Tables 1 and 2 for prototype and model 

respectively. For the specific test conditions for each test performed one 

is referred to Table 10. 

The concentration results for two different dike configurations subject 

to various simulation gases, boiloff rates, wind speeds, wind direction, 

stratification, and model scales are presented in Table 10. The coordinates 

x, y, and z shown in the tables are explained in the definition sketch 

in Figure S. If an asterisk is next to the x coordinate this indicates 

that these values were obtained at a different time than the non-asterisk 

coordinates. Ground level contour plots of percent methane over the part of 

the test section equipped with concentration sampling points are presented 

in Figures 23-1 to 23-17. These contour plots are a result of linearly 

interpolating between points generated as a result of a cubic spline 

fit of crosswind data followed by a cubic spline fit of the variation of 

the In{xxlOO) vs. In downwind distance. A series of vertical concentration 

profiles at different distances downwind is presented in Figures 24-1 to 

24-12 for the different selected test conditions as indicated in Table 8. 

A complete set of graphs indicating the maximum dimensionless concentration 
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coefficient at the different nondimensiona1 downwind distances is presented 

in Figures 25-1 to 25-17. The Locator Table 9 may be used to guide the reader 

to a certain set of test conditions. 
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6.0 DISCUSSION OF TEST RESULTS 

In order to obtain a comparable characteristic curve among the set 

of different tests, the test conditions were grouped on the basis of 

release gas flow rates, wind speeds, stability and simulation gas. Although 

different release rates and wind speeds normally collapse on to a single 

- 2 
curve if the data is presented in the form K = XUQH vs 

such universiality was not the case. 

~ for this study 
H 

At least two mechanisms can be identified which tend to prevent the 

classical correlation of concentration decay over the complete range of 

boiloff rates and wind velocities examined. In the immediate vicinity of 

the tank and dike plume spread is dominated by buoyancy forces. Thus a 

buoyancy length scale such as 

~b = 

may be more appropriate than H to scale dispersion in this region. A 

plot of 

-2 
= XU~b 

--Q- vs for x 
H 

< 10.0 collapses concentration 

data from the twelve sets of neutral Freon-N2 High Dike releases all on to 

a single line (Figure 26). Yet in Figures 25 the classical correlation 
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permits an order of magnitude variation in K at a given x/H. The 

buoyancy length scale parameter correlates data over two model scales, 

four wind speeds, and six boiloff rates within a factor of two. 

As the effluent moves downwind one may expect aerodynamic surface 

turbulence to dominate the dispersion process. Most data do collapse on 

K vs x/H curves for x/H > 10; however there appears to be two natural 

groupings of such data. When boiloff rate is large or wind speed is small 

the dense plume spreads laterally until it is constrained by the wind tunnel 

walls. Subsequently the plume is channeled downwind without additional 

lateral spread. Since the frontal like movement of the lateral plume 

boundary is an important contribution to entrainment of ambient air plume 

dillution decreases. Indeed, after such blockage, the plume disperses more 

like a line source and K - (X/H)-I. 

For the purposes of discussion and clarity data from different tests 

with the same basic characteristics have been plotted together on individual 

graphs. In the following paragraphs these graphs of dimensionless concen

tration coefficient, K, vs non-dimensional downwind distance, x/H, will be 

interpreted. 

Freon - 12-N2 Release, High Dike, Neutral Stratification 

High boiloff rate tests (2400-3960 Ibm/sec) are gathered together on 

Figure 25-1. As expected from visualization there is evidence of plume 

blockage by the wind tunnel side walls; thus maintaining high values of K 

at large X/H. 

Run 101 which was a high boiloff situation (3960 Ibm/sec) but at 1/500 

scale is plotted in Figure 25-2. As a result of the smaller model the plume 
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behaves more like a typical plume in the wake of a building. An initial 

29 36 . -0.67 slope (Yang and Meroney, Hoot et.al. ) 1S followed by a tail off 

to ~ -1.7 slope (Category C or D Pasquill-Gifford). This behavior agrees 

with field experience sited by AGA Report 18-31 (1974)1 as transposed into 

Figure 1. The initial -0.67 slope is considered to be a joint result of 

aerodynamic mixing behind the tank and the buoyancy influence of the dense 

plume. 

All other tests in this class behave similar to Run 101. K appears 

to correlate most of the influence of variation of u and Q at large x/H. 

As boiloff decreases the concentration coefficient K at a given x appears 

to decrease slightly. 

Gifford proposed that the wake diluting effects of building turbulence 

may be accounted for by the simple approximation 

K = a a +CA y z 

where C ranges from O.S to 2.0. 29 Concentrations measured in the region 

x/H - 3 were from two to four times greater than this parameter would suggest. 

The aerodynamic effects that were observed in the visualization tests 

were also present to some extent in the concentration results. The ground 

contour plots of the high dike with a simulation gas of Freon l2-N2 as 

presented in Figures 23-2 and 23-3 show the effect of a bifurcated plume. 

The effect of increased dispersion with wind speed is also readily noticeable 

by comparing the distances to the LFL for different wind speeds as presented 

in Tables 6 and 7 and by inspecting the vertical concentration profiles, 

Figures 24-B and 24-C. By inspection of Tables 6 and 7 it appears that the 

High Dike would give near the same distance to the LFL as the Low Dike for the 
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same boiloff rates. The information in these tables is inadequate to 

determine if this definitely is true due to the differences in boiloff 

rates tested for the Low and High Dikes. The visualization results would 

indicate that the High Dike should disperse the plume more rapidly. 

Freon - 12 - N2 Release, High Dike, Stable Stratified 

Almost all releases of the Freon - 12 - N2 mixture under stable condi

tions exhibit a plume maximum above the ground level. Vertical concentration 

profiles, Figures 24-3 and 4, suggest that the plume initially falls to the 

ground, elevates slightly, and then diffuses downward again as the plume moves 

downwind. The simulation gas was adjusted to a specific gravity of 1.4 at a 

o release temperature of 70 F. The simulated ground based inversion, however, 

has a surface temperature of 32oF. Thus after an initial dilution to a 25 

percent mixture with the warm air above the ground based inversion, the 

specific gravity of the plume on the ground would be near 1.0. If any further 

mixing of the plume with the warmer air above the floor were to occur 

the plumes center would rise off the floor. This would cause the ground 

level concentrations to be high where the plume's momentum takes it to the 

ground but when the buoyancy forces begin to dominate the plume lifts to an 

equilibrium level slightly above the ground, thus the sharp decrease in 

ground level concentration. Further downwind the plume once again falls 

to the ground due to the fact that in this second stage of development the 

majority of the air entrained by the plume is at the colder ground temperature 

of the inversion. The characteristic slanted-S signature to the K vs 

xlH curves in Figures 25-3 and 4 would confirm the suggested scenario. 

Since there is an increased mixing of the elevated plume with increasing 

wind speed the concentrations measured in the near field (x/H 3-10) are 

greater for milder stable stratification conditions. As a result of the lofting 
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plume characteristic the plume spreads laterally in a layer moving downwind 

with a higher average velocity; thus there is no evidence of plume constraint 

by the wind tunnel walls. 

Freon - 12 - N2 Release, Low Dike Neutral Stratification 

Runs 10, 11, 15, 16, and 216 are all high boiloff rate released at low 

to medium wind velocity, as seen before on Figure 25-1 this data on 

Figures 25-5 and 6 also display the effects of blockage. Runs 110 and 115 

for the 1/666 scale model display concentration decay with distance for a 

high boiloff flow not influenced by side wall blockage. 

As the velocity increases or boiloff rate decreases the plumes decay 

in a manner similar to neutrally buoyant releases into building wakes. For 

the higher boi1off conditions concentrations for x/H < 10 are greater than 

1 Gifford suggests (i.e., K - C); nevertheless for low boiloff rates or higher 

velocities agreement is good. As the plume spreads and mixes the unblocked 

plumes asymptotically approach values slightly larger than a comparable 

C - Pasquill Gifford Category_ Hoot, et al.,36 determined that simple point 

source releases of dense gas only increase maximum ground concentrations 

slightly (see Figures 21 and 22, Reference 36). Figure 25-2 and Figure 25-7 

when compared suggest that for equivalent boiloff rates and mean velocity 

conditions the lower dike results in lower concentrations. This is reasonable 

since the low dike initially spreads a release over a greater surface area. 

(The advantage of a high dike is in reduced boiloff rates, not in the ability 

to dilute or spread the effluent.) 

Freon - 12 - N2 Release, Low Dike, Stable Stratification 

In Figures 25-8 and 9 we again observe evidence of elevated concentration 

maximums. Higher velocities with the resultant reduction in stability result 

in earlier downward dispersion and larger ground concentrations. 
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He - N2 Release, High Dike Neutral Stratified 

All low wind speed cases exhibit the effects of blockage (see Figure 25-A). 

At higher wind speeds plumes seem to follow Pasquill - Gifford C or D behavior 

(Figure 25-B). Run 2 (Freon - 12 - N2) and Runs 2C and 3C (He - N2) are 

quantitatively close in behavior. Comparables Run 302 (Freon - 12 - N2) 

and Run 302C (He-N2) are also similar. Runs 303 and 304 (Freon - 12 - N2) 

have the same slope as Runs 303C and 304C (Helium - N2) although perhaps for 

the reasons discussed at the end of this section Runs 303C and 304C are 

shifted to the right on Figure 25-B. 

He - N2 Release, High Dike, Stable Stratification 

Blockage conditions appear to exist for data collected on Figure 2S-C. 

The effect is slightly reduced for Runs 23C and 323C plotted on Figure 25-0. 

Visually very strong layering was observed for most stable He - N2 releases. 

Most runs assymptotically approach a K decay behavior of Class F - Pasquill -

Gifford. 

The elevated plume behavior of the Freon - 12 - N2 mixture under stable 

stratification conditions make it inappropriate to directly compare them 

with the He - N2 mixture release conditions. 

Maximum ground level concentrations for all downwind distances were 

found under conditions of stable stratification. The reduced ambient 

turbulence permits the plume to move greater distances downwind without 

large dillution. Hence the distance to LFL will be greatest under such 

situations. 
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He - N2 Release, Low Dike, Neutral Stratification 

Figures 2S-E or F do not display any of the characteristics of plume 

blockage on plume centerline. Nonetheless, Figure 23-14 suggests plume 

reflection from the wind tunnel side walls does occur but has not yet 

influenced centerline maximum values. Generally, concentrations decay at 

rates similar to Class C or D Pasquill - Gifford, but they have higher 

values for a given xlH as predicted by Hoot, et al. 36 

Runs 16, 17, and 18 (Freon - 12 - N2) are quantitatively similar in 

behavior to Runs 16C, 17C, and 18C (He - N2), although the magnitudes of 

the latter two cases are slightly larger for He - N2 release. Magnitudes of 

K at equivalent xlH for Runs 316C, 3l7C, and 318C are definitely larger 

than the comparable Runs 316, 317, and 318. 

He-NZ Release, Low Dike, Stable Stratification 

Again it is not possible to compare results for the He - N2 release with 

Freon - 12 - N2 release since plume lofting did not occur in both situations. 

Indeed it is expected that conditions considered in Figures 2S-G and Hare 

more appropriate for comparison to prototype conditions. Visual observations 

indicated the plume fell to the ground on release, spread across the tunnel, 

and remained below z/H - 0.1 as it travelled downwind. Thus the plumes were 

all strongly influenced by side wall reflection and low vertical dispersion 

rates. 

Runs 36C, 37C, and 38C correlate well as K vs x/H. Releases at higher 

average wind speed conditions, Runs 336C, 337C, and 338C are also well 

grouped. It would appear higher velocities may restrict the plume to a 

narrower initial shape at release--thus increasing ground level concentra

tion values. Indeed visualization shows plume spreads at an included angle 

of - 1200 at low speed conditions but at - 900 for higher wind velocities. 
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Lower Flamability Limit 

The approximate distances to the lower flamability limit (LFL) under 

a variety of different conditions for Freon 12 - N2 gas simulation and He - N2 

gas simulation are noted in Tables 6 and 7 respectively. It is readily 

noticeable that with the same test conditions the He - N2 simulation gas 

yields the longest distances to the LFL. These differences may be exaggerated 

somewhat due to the increased severity of wind tunnel side wall reflection 

for the He - N2 tests as notes in Section 5.2. By examining the appropriate 

dimensionless concentration coefficient graphs (Figure 25-1 to 25-9 as 

compared to 25-A to 25-H) one arrives at the same conclusion, that is a 

simulation gas of a He - N2 mixture at -260oF indicates the worst case. 

These results generally coincide with what was considered in the visualization 

test series to be the cohesiveness of a layered formation. By comparing the 

comments made in section 5.0.2 (Visualization Test Results) about the extent 

of the layered formation between neutral and stable stratifications for the 

He - N2 simulation gas with that of the corresponding vertical concentration 

profiles (24-E as compared to 24-G and 24-F as compared to 24-H) this conclu-

sion about the occurrence of high concentrations is reinforced. 

The worse case dispersion condition may result from the damping influence 

of stable stratification on turbulent transport. In such situations gradient 

transport theory in inadequate to describe the mixing process. Initially 

turbulent flux of concentration w'p' normally increases with density gradient, 

-dp/dZ (or Ri ); however, as a result of the dampening effects of stratifica
g 

tion, w'p' reaches a maximum and is believed to decrease to zero at larger 

density gradients. Thus if two portions of a p(z) profile lie on different 

sides of the w'p' maximum there is a tendency for steepening of the concen-

tration profile resulting in layering near the wall. 
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Although any stably-stratified flow acts to inhibit turbulence, an 

additional mechanism may inhibit dispersion for the He - N2 - cooled mixture 

over that of the Freon 12 - N2 mixture. Where significant differences exist 

in the rates of molecular diffusion of species and molecular transport of 

heat, doubly diffusive convection has been identified in other cases to lead 

to strong layering. 42 For a methane air mixture the Lewis number (LE - a/V) 

has values ranging from 1.2 to 1.0 over the temperature range of 2000 to 

4600 Rankine. Based on the linear characteristic equation developed by 

Turner and for typical measured temperature and concentration conditions the 

stability number 

BAT Rayleigh NO· T 
~y = eAS = Rayleigh No.

C 
~ 0.785; 

thus the measured situation falls within a region where "finger-convection" 

is thought to occur. Although the phenomenon may explain greater cnncen-

trations found during the He - N2 releases as opposed to the Freon 12 - N2 

releases, until further data is available the presence of the effects must 

be accepted as only a possibility. Indeed, doubly-diffusive convection is 

normally significant only in situations where the Lewis No. » 1.0. 

Separation of species due to a temperature gradient (Soret effect) has 

also been proposed as a mechanism for layering. The ratio of flux due to 

thermal diffusion to flux due to molecular diffusion is proportional to 

where ~ is a thermal diffusion ratio, x is mole fraction, and T is 

absolute temperature. Since ~ = 0(0.1), and the ratio (j)T/(j)x ~ 

0(0.04) for concentrations and temperatures detected during the laboratory 

releases the diffusion-thermo effect is felt to be insignificant. 



44 

7.0 CONCLUSIONS 

This study concerned the rate of dispersion of an initially 

negatively buoyant methane vapor plume. This plume was considered to 

be formed as the result of vaporization of a spill of liquified natural 

gas into a confining dike area. The pertinent meteorological variables 

of source and site conditions, wind speed and direction, and atmospheric 

stability were modeled in a wind tunnel. Concentration and temperature 

measurements and photographic records were obtained for different meteoro~ 

logical conditions. 

The results of this study lead to the following conclusions: 

1. A methane plume will yield maximum concentrations on the ground 

level for its entire lifetime. 

2. The rate of dispersion of a methane vapor plume increases 

strongly with decreasing boiloff rate; increases with increasing wind 

speed, although the dependence is not as strong as with a neutral plume; 

decreases with increasing stability; and does not appear in the far wake 

to be a function of the tank and dike geometry. 

3. The classical methods of describing plume dispersion in the wake 

of a building do not describe the behavior in the near wake very well. 

The concentration values in the near wake are much higher than Gifford's 

model suggests and the decay of the concentration coefficient K with 

distance only asymtotically approaches that of the proper Pasquill 

Diffusion Category. 

4. The shape of the plume spread in the near vicinity of the model 

was observed. Its prominent features are a very pronounced lateral 

spread with the possibility of plume growth in the upwind direction, and a 

strongly bimodal shape in the downwind direction. 
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5. A reasonable estimate based on physical simulation of the extent 

of the hazard zone in the event ofa catastrophic spill of liquified 

natural gas under a vairety of different conditions is present in 

Tables 6 and 7. 

Suggestions for future research on the topic of laboratory simulation 

of a methane vapor plume are: 

1. There is a need for verification of Reynolds Number independence 

in the behavior of a negatively buoyant plume. Due to the severe 

dampening of the density gradient in the plume the motion may 

be laminar at some time period in the plumets life. 

2. Further experiments to determine if the equality of density 

ratios for model and prototype may be relaxed so that more 

convenient laboratory wind speeds may be used. 

3. Experiments utilizing a small model or a larger wind tunnel 

are needed so that the effects of wind tunnel blockage of the 

plume at higher boiloff rates does not affect results. 

4. A time variable boiloff rate and an instantaneous concentration 

measurement system need to be developed so that the actual 

physical process is modeled correctly. 

5. The general plume behavior from an area source without the 

complications of building wake turbulence needs to be investigated 

much more thoroughly to obtain mathematical models that will 

describe the extent of lateral spreading and downwind diffusion 

for different wind speeds, boiloff rates, and atmospheric 

stabilities. 
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Figure No. 23-11 Ground Contours of Per Cent Methane Concentration. 
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St rat. Stable 
Wind Dir. 00 

Wind Speed 10 ft/s 
Boi1off 2400 lbm/s 

Run No. 322C 
Model Gas M.W. 16 
High Dike 1:200 
Strat. Stable 
Wind Dir. 00 

Wind Speed 23 ft/s 
Boiloff 2400 1bm/s 
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Figure No. 23-12 Ground Contours of Per Cent ~Iethane Concentration. 

Run No. 3<: 
Model Gas M.W. 16 
High Dike 1 :200 
Strat. Neutral 
Wind Dir. 00 

Wind Speed 10 ft/s 
BoHoff 420 lbmls 

Run No. 303<: 
Model Gas M.W. 16 
High Dike 1 :200 
Strat. Neutsal 
Wind Dir. 0 
Wind Speed 23 ft/s 
Boiloff 420 Ibm/s 

Run ~o. 23C 
Model Gas M.W. 16 
High Dike I; 200 
Strat. Stable 
Wind Dir. 00 

Wind Speed 10 ft/s 
Boiloff 420 lbm/s 

Run No. 323<: 
Model Gas M.W. 16 
lIigh Dike 1: 200 
Strat. Stable 
Wind Dir. 00 

Wind Speed 23 ft/s 
Boiloff 420 lbmls 
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Figure No. 23-13 Ground Contours of Per Cent Methane Concentration. 

Run No. 4C 
Model Gas M.W. 16 
High Dike 1 :200 
Strat. Neutral 
Wind Oil'. 00 

Wind Speed 10 
160 

Run No. 304C 
Model Gas M.W. 16 
High Dike 1: 200 
Strat. Neutral 
Wind Oil'. 00 

Wind Speed 23 
Boiloff 160 

Run No. 24C 
Model Gas M.W. 16 
High Dike 1: 200 
Strat. Stable 
Wind Dir. 0

0 

Wind Speed 10 ft/s 
Boiloff 160 Ibm/s 

Run No. 324C 
Model Gas M.W. 16 
High Dike 1: 200 
Strat. Stabbe 
Wind Oil'. 0 
Wind Speed 23 ft/s 
Boilof£ 160 Ibm/s 
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Figure No. 23-14 Ground Contours of Per Cent Methane Concentration. 
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Run No. 16C 
Model Gas M. W. 16 
Low Dike l: 200 
Strat. Neutral 
Wind Dir. 45° 
Wind Speed 10 ftl s 
Boiloff 850 lbmls 

Run No. 316C 
M:>del Gas M.W. 16 
Low Dike l: 200 
Strat. Neutral 
Wind Dir. 45° 
Wind Speed 23 ftls 
Boiloff 850 Ibmls 

Run No. 36C 
Model Gas M.W. 16 
Low Dike l: 200 
Strat. Stable 
Wind Dir. 45° 
Wind Speed 10 ftls 
Boiloff 850 Ibm/s 

Run No. 336C 
Model Gas M.W. 16 
Low Dike 1: 200 
Strat. Stable 
Wind Dir. 45° 
Wind Speed 23 ftls 
Boiloff 850 Ibmls 
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Figure No. 23-15 Ground Contours of Per Cent Methane Concentration. 
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Run 
16 

Neutral 
450 

10ft/s 
275 Ibm/s 

Run No. 317C 
Model Gas M.W. 16 
Low Dike 1: 200 
Strat. Neutral 
Wind Dir. 450 

Wind Speed 23 ft/s 
Boiloff 275 Ibm/s 

Run No. 37C 
Model Gls M. W. 16 
Low Dike l: 200 
Strat. Stahle 
Wind Dir. 450 

Wind Speed 10 ft/s 
BoiloH 275 Ibm/s 

Run No. 337C 
Model Gas M.W. 16 
Low Dike 1: 200 
Strat. Stab18 
Wind Vir. 45 
Wind Speed 23 ft/s 
Boiloff 275 Ibm/s 
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Figure No. 23·16 Ground Contours of Per Cent Methane Concentration. 

Run No. lSC 
Model Gas M.W. 16 
Low Dike I: 200 
5trat. Neutral 
Wind Dir. 45 
Wind Speed 10 ft! s 
BoHoff 116 lbm/s 

Run No. 3ISC 
Model Gas M. W. 16 
Low Dike I: 200 
Strat. Neutral 
Wind Dir. 45 
Wind Speed 23 ft!s 
BoUoff 116 lbm/s 

Run No. 3SC 
M>del Gas M.W. 16 
Low Dike I: 200 
Strat. Stablg 
Wind Dir. 45 
Wind Speed 10 ft/s 
BoUoff 116 Ibm!s 

Run No. 33SC 
Model Gas M.W. 16 
Low Dike 1: 200 
Strat. Stabls 
Wind Dir. 45 
Wind Speed 23 ft/s 
BoHoff 116 Ibmls 
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Figure No. 23-17 Ground Contours of Per Cent Methane Concentration. 

Run No. 115 
Model Gas M.W. 40.6 
Low Dike 1:666 
Strate Neutral 
Wind Dir. 00 

Wind Speed 10 ft/s 
Boi1off 2534 lbm/s 

Run No. 110 
Model Gas M.W. 40.6 
Low Dike 1:666 
Strate Neutral 
Wind Dir. 450 

Wind Speed 10 ft/s 
Boiloff 2534 lbm/s 

Run No. 101 
Model Gas M. W. 40.6 
High Dike 1:500 
Strate Neutral 
Wind Dir. 00 

Wind Speed 10 ft/s 
Boi10ff 3960 lbm/s 
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Downwind Distance 
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Downwind Distance 
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Table 1. Prototype Conditions 

Full Scale 
Characteristic High Dike Low Dike 

Tank Diameter 0 (ft) 240 128 

Height H (ft) 129 121 

Dike Diameter d (ft) 260 330 x 305 

Height h (ft) 80 21 

Boiloff mmx ~ 3955.5 3724.1 
Rates sec 

~ cfm 2.27 x 106 2.13 x 106 

mmin ~ 100.0 231.6 
sec 

~in cfm 5.59 x 104 1.33 x 105 

Velocity UH !L 
sec 

10, 16, 23 la, 16, 23 

AT of 18-24 18-24 

S.G· eH @ boiloff 1.4 1.4 
4 

t.p/Pa .4 .4 

ReO = UH D/\) 1.43x107• 2.29x107• 3.29x107 7.62x106• 1.22Xl07, 1.75x107 

U2 

Fr
d 

= __ H __ 
.030. .076. .16 .022, .056, .12 

g t.p d 
Pa 

RiB = RiB 3.2-0.7 3.2-0.7 
P m 

Times sec 1~ 200, 1000 1 200, 1000 

o 3 3 -4 2 TB = 201 R. PL = 26.5 1bm/ft • PgB .1047 1bm/ft , \) = 1.68 x 10 ft /sec 

.. 

... .... 
co 



Table 2. Model Conditions 

Full-scale 1/200 model 
Characteristic High Dike Low Dike High Dike 1/500 

Tank Diameter D (in) 14.4 7.68 5.53 

Height H (in) 7.74 7.26 2.98 

Dike Diameter d (in) 15.6 19.8 x 18.3 6.0 

Height h (in) 4.8 1.26 1. 85 

Frm = Frp 0.03, 0.076, 0.022, 0.0563, 0.03 
0.16 0.116 

S.G·
CH4 

@ boiloff 1.4 1.4 1.4 

top 0.4 0.4 0.4 (top/Pa)m • (p-)p 
a 

U* ft/sec 0.7, LIS, 0.7, LIS, 0.45 
H 1.6 1.6 

ReDm = UHD/v 5071, 8286, 2704, 4419, 1234 
1157l 6171 

Ri _ ~TH-T.14HHH-.14Hli 3.2-0.7 3.2-0.7 0 
Bm - - 2 

T (UH-U • 14H) 

to~ of 18-24 18-24 0 

Boiloff-
Rates Umx ft/sec 0.34 0.025 0.15 

<lmx cflll 4.01 3.77 0.41 

U
min 

ft/sec 0.009 0.0016 0.002 

<lmin 
cflll 0.10 0.24 0.010 

Timeo sec 0.07, 14.1, 0.07, 14.1, O. 04. 8. 9. 44. 7 
70.7 70.7 

Too (TH -T. 14H)/2 

*U - ( __ 1 -)~ U 
11m - L.S. lip 

to"T .. toT (~)2 (~) .. liT [(-ri-) '1] 2 L.S. = liT 
rn p p "Trn P .• P 

°t ,. 
m 

U Lm ~l l!~ 
(~) (r) .. (L.S.) r:s:- tp ,. (r:s:-) tp 

U L 
_~ .. ~ ~ (~)2 .. ~ (_1_)~ (_1_)2 .. ~ (_1_)2.5 

Up Lp L.S. L.S. L.S. 
00J:l P 

Low Dike 1/666 

2.33 

2.20 

6.0 x 5.54 

.38 

0.03 

1.4 

0.4 

0.40 

451 

0 

0 

0.035 

0.19 

0.002 

0.012 

0.04.7.7,38.7 

; 

i 

... .... 
o 



Camera 

Film 

Exposure 

Flow Meters 

Heat Exchanger 
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Table 3 Instrumentation and Materials Employed 

Movie: 
Still: 

Movie: 
Still: 

Movie: 

Bolex l6mm camera lens 
Speed Graphic Camera 4" x 5" and Hasselblad 2" x 3" 

Extachrome - 7242, ASA 125 - Forced developed ASA 500 
Tri-X-Pan-4164 Kodak Film, Po1aroi(1 

F-l.9, 18 frames per second 
F=8-ll, t=1/30 sec or 1 sec 

1) Fisher & Porter Co. Precision Flow rater No. 2F-l/4-20-5 
Float CD-14 

2) Fisher & Porter Co. Precision Flow rater No. B4-2l-l0 
Float BSVT-45 

3) Fisher & Porter Co. Precision Flow rator No. B6-35-l0 
Float BSVT-64 

CSU design; liquid nitrogen bath 

Concentration System 

Counters 1) Ultra Scaler - Hodel 192A by Nuclear Chicago 

2) Ortec timer model 482, Scaler model - 484 power supply 
model 446, amplifier model 485, ratemBter model 441 

Radioactive Gas Samplers 

Sampling Panels 

1) N00014-68-A-0493-000l-65234 
2) N00014-68-A-0493-000l-65227 

Made at CSU, 25 sample point capacity for radioactive tracer 
sampling. Shown in Fig. 15. 

Hewlett-Packard Model 57ll-A-Gas Chromotograph dual flame; ionization detector 
electrometer; isothermal oven controller; 1/2 cc dual sampling 
loops 

Sampling Panels 
Made at CSU; 16 sample point capacity per module; 4 modules. 
Shown in Fig. 14. 
Hewlett-Packard Integrating Digital Voltmeter Model 240lC 

Velocity Control System 
Datametrics linear Flowmeter Model 800-LV 

Temperature Measurement System 
YSI Precision Thermistor Model YSI 44004 
Tele-Ther~ometer6 Yellow Springs Corp., Model YSI 42 SC, 
range -40 - 150 C. 
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Table 4. l6mm Movie Sequence 
for Flow Visualization 

1:200 High Dike in Meteorological Wind Tunnel. Model Gas of Freon-12 
Nitrogen Mixture @ 220 C. 

RUN NO. WIND SPEED STRATIFICATION BOILOFF 
(ft/sec) (Ibm/sec) 

1 10 neutral 3,960 

2 10 neutral 2,400 

3 10 neutral 420 

4 10 neutral 160 

5 10 neutral 29 

302 23 neutral 2,400 

303 23 neutral 420 

304 23 neutral 160 

21 10 stable 3,960 

22 10 stable 2,400 

23 10 stable 420 

24 10 stable 160 

322 23 stable 2,400 

323 23 stable 420 

324 23 stable 160 

High Dike in Environmental Wind Tunnel. Hodel Gas of Freon 12, 

Nitrogen Mixture @ 220 C. 

RUN NO. MODEL SCALE WIND SPEED STRATIFICATION BOILOFF 
(ft/sec) (Ibm/sec) 

IE 1:200 10 neutral 3,960 

2E 1:200 10 neutral 2,400 

3E 1:200 10 neutral 420 

50E 1:130 10 neutral 45 

SIE,S5E 1:130 10 neutral 28 

52E,56E 1:130 10 neutral 8 

S3E,57E 1:130 10 neutral 2 

(cont'd) 
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Table 4. 16mm Movie Sequence for Flow Visualization (cont'd) 

1:200 Low Dike in Meteorological Wind Tunnel. Model Gas of Freon 12, 
Nitrogen Mixture @ 22 C. 

RUN NO. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

316 

317 

318 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

WIND DIRECTION 

0° 

0° 

0° 

0° 

0° 

45° 

450 

45° 

45° 

45° 

45° 

45° 

45° 

0° 

0° 

0° 

0° 

0° 

45° 

45° 

45° 

45° 

45° 

WIND SPEED 
(ft/sec) 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

23 

23 

23 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

STRATIFICATION 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

BOILOFF 
(Ibm/sec) 

2,534 

1,400 

275 

116 

94 

2,534 

1,400 

275 

116 

94 

1,400 

275 

116 

2,534 

1,400 

275 

116 

94 

2,534 

1,400 

275 

116 

94 

1:200 Low Dike in Environmental Wind Tunne]· Model Gas of Freon 12, Nitrogen 
Mixture @ 22° C. 

RUN NO. 

10E 

lIE 

12E 

15E 

16E 

17E 

WIND DIRECTION WIND SPEED 
(ft/sec) 

10 

10 

10 

10 

10 

10 

STRATIFICATION 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

BOILOFF 
(Ibm/sec) 

2,534 

1,400 

275 

2,534 

1,400 

275 
(cont'd) 



124 

Table 4. l6mm Movie Sequence for Flow Visualization (cont'd) 

1:200 High Dike in Meteorological Wind Tunnel. Model Gas of Helium, Nitrogen 
Mixture @ 111° K. 

RUN NO. WIND SPEED STRATIFICATION BOILOFF 
(ft/sec) (Ibm/sec) 

2C 10 neutral 2,400 

3C 10 neutral 420 

4C 10 neutral 160 

22C 10 stable 2,400 

23C 10 stable 420 

24C 10 stable 160 

322C 23 stable 2,400 

323C 23 stable 420 

324C 23 stable 160 

1:200 Low Dike in Meteorological Wind Tunne 1. Model Gas of Helium, 
Nitrogen Mixture @ 111° K. 

RUN NO. WIND DIRECTION WIND SPEED STRATIFICATION BOILOFF 
(ft/sec) (Ibm/sec) 

l6C 45° 10 neutral 1,400 

17C 45° 10 neutral 275 

18C 45° 10 neutral 116 

36C 45° 10 stable 1,400 

37C 45° 10 stable 275 

38C 45° 10 stable 116 

336C 45° 23 stable 1,400 

337C 45° 23 stable 275 

338C 45° 23 stable 116 

(cont'd) 
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Table 4. l6nun Movie Sequence for Flow Visualization (cont'd) 

Variable Boiloff Simulation in Meteorological Wind Tunnel. 
Model Gas of Freon 12, Nitrogen N[xture @ 22° C. 

RUN NO. MODEL WIND DIRECTION WIND SPEED STRATIFI- GROUND 
(ft/sec) CATION MATERIAL 

IV 1:200 High 0° 10 neutral soil 

IVA 1:200 High 0° 10 neutral concrete 

2V 1:200 High 0° 16 neutral soil 

3V 1:200 High 0° 23 neutral soil 

4V 1:200 Low 45° 10 neutral soil 

4VA 1:200 Low 45° 10 neutral concrete 

5V 1:200 Low 45° 16 neutral soil 

6V 1:200 Low 45° 23 neutral soil 
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Table 5. Temperature - Concentration Data 
For Selected Points in Cold He-N

2 
Plumes 

Wall 
X y Z Dist~ce (llT )X 100 Per cent 

Run No. (ft) (ft) (ft) (ft) llTmax Methane 

2C 450 0 0 316 13.3 31 
450 0 33 316 6.9 15 
450 0 67 316 7.4 10.5 
450 0 133 316 8.5 18.5 
450 0 200 316 8.0 10.5 

1050 0 0 866 3.7 7 

302C 450 0 0 316 7.1 15 
450 0 33 316 4.9 5 
450 0 67 316 4.4 3 
450 0 133 316 3.8 3 
450 0 200 316 1.6 .6 

1050 0 0 866 1.1 2 

22C 450 0 0 316 12.7 20 
450 0 33 316 13.8 19.5 
450 0 67 316 10.98 21.5 
450 0 133 316 10.98 10. 
450 0 200 316 2.89 1. 

1050 0 0 866 2.31 10 

322C 450 0 0 316 8.7 22 
450 0 33 316 15.6 27 
450 O. 67 316 17.3 22 
450 0 133 3]6 10.98 16.5 
450 0 200 316 1.16 1.6 

1050 0 0 866 2.3 7.8 

3C 450 0 0 316 9.8 8.5 
450 0 33 316 5.2 5 
450 0 67 316 2.3 .8 
450 0 133 316 .6 .27 
450 0 200 316 0 .02 

1050 0 0 800 4.0 1.5 

303C 450 0 0 316 2.3 3.5 
450 0 33 316 2.3 1.8 
450 0 67 316 1.7 1.2 
450 0 133 316 .57 .4 
450 0 200 316 0 .02 

1050 0 0 800 1.15 1.4 

23C 450 0 0 316 10.4 20.5 

323C 450 0 0 316 8.9 10.2 

(cant 'd) 
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Table 5 (cont'd) Temperature - Concentration Data 
For Selected Points in Cold He-N2 Plumes 

Wall Per cent X y Z Distance C~)X 100 Methane Run No. (ft) Cft) Cft) Cft) !J.Tmax 

4C 450 0 0 316 2.3 3.0 
450 0 3:~ 316 2.3 1.3 
450 0 67 316 1.7 .21 
450 0 133 316 .58 .04 
450 0 200 316 0 .03 

1050 0 0 800 4.62 .9 

304C 450 0 0 316 4.6 .3 
450 0 33 316 1.7 .6 
450 0 67 316 1.15 .2 
450 0 133 316 0 .03 
450 0 200 316 0 .01 

1050 0 0 800 1.15 .34 

24C 450 0 0 316 8.05 7.5 

324C 450 0 0 316 7.5 .7 

16C 450 0 0 316 11.17 4 
450 0 33 316 1.68 .16 
450 0 67 316 0 .09 
450 0 133 316 0 .03 
450 0 200 316 0 .06 

1050 0 0 800 2.79 3. 

316C 450 0 0 316 3.11 2.5 
450 0 33 316 2.07 1.0 
450 0 67 316 1.04 .11 
450 0 133 316 .52 .01 
450 0 200 316 .52 .06 

1050 0 0 800 3.11 1.13 

36C 450 0 0 316 7.51 7.0 
450 0 33 316 8.67 2.0 
450 0 67 316 2.31 .25 
450 0 133 316 1.16 .09 
450 0 200 316 .58 .04 

1050 0 0 800 1. 73 3.3 

336C 450 0 0 316 8.67 2.5 
450 0 33 316 3.47 .78 
450 0 67 316 0 .24 
450 0 133 316 0 .11 
450 0 200 316 0 .07 

1050 0 0 800 3.47 5.5 

(cont'd) 
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Table 5 (cont'd) Temperature - Concentration Data 
For Selected Points in Cold He-N

2 
Plumes 

Wall 
X y Z Distance (~T ) X 100 Per cent Run No. (ft~ (ft) (ft) (ft) ~Tmax Methane 

l7C 450 0 0 316 B094 3.00 

3l7C 450 0 0 316 3.39 .21 

37C 450 0 0 316 6.47 1.5 

337C 450 0 0 316 9.25 1.5 

lBC 450 0 0 316 B.O 1.5 

31BC 450 0 0 316 4.0 .14 

3BC 450 0 0 316 7.65 1.5 

33BC 450 0 0 316 4.71 1.0 



Table 6. Approximate Distances (ft) Downwind to the 
(Obtain by simulation gas of M.W. 40.6 @ 

Wind Boi10ff neutral stable 
Model Direction (Ibm/sec) 10 ft/sec 16 it/sec 23 it/sec 10 it/sec 16 it/sec 23 It/sec 

High 0 3960 

2400 

420 

160 

29 

Low o 2534 

850 

275 

116 

94 

45 2534 

850 

275 

116 

94 

>6000 

5500 

1000 

600 

<300 

6500 

1550 

450 

<300 

<300 

5300 

1600 

500 

<300 

<300 

3700 

500 

<400 

1700 

<400 

<400 

1500 

<400 

<400 

<400 

<400 

<400 

1400 

800 

500 

800 

600 

<450 

1200 

800 

<450 

800 

700 

450 

1500 

800 

<450 

1400 

800 

600 

<450 

...... 
N 
\0 



Table 7. Approximate Di~tances (ft) Downwind to the bFL 
(Obtain by simulation gas of M.W. 16 @ -260 F) 

Wind Boi1off neutral stable 
Model Direction (Ibm/sec) 10 ft/sec 16 ft/sec 23 ft/sec 10 ft/sec 16 ft/sec 23 ft/sec 

High 0 3960 

2400 >6600 1000 >6600 6600 

420 6000 800 3400 2900 

160 700 <450 1300 <450 

29 

Low 0 2534 ..... 
(,.I 

0 
850 

275 

116 

94 

45 2534 

850 1700 800 2700 2900 

275 450 <450 550 1400 

116 <450 <450 <450 <450 

94 



Model 

High 

Low 

Table 8. Locator Table for Vertical Concentration Profiles. 

Wind Boiloff neutral stable 
Direction (Ibm/sec) 10 ft/sec 16 ft/sec 23 ft/sec 10 ft/sec 16 ft/sec 

0 3,960 

2,400 A* 
420 B C 

160 D 

29 

0 2,534 

850 

275 

116 

94 

45 2,534 

850 l,E 2,F 3,G 

275 

116 

94 

* Alphebetic sequence represent simulation gas of M.W. 16 ~ -260oF. Numeric Sequence represent 
simulation gas of M.W. 40.6 @ 70oF. 

23 ft/sec 

...... 
VI ...... 

4,H 



Table 9. Locator Table for Dimensionless Concentration 
Coefficient vs. Dimensionless Downwind Oistance 

Wind Boiloff neutral stable 
Model Direction (lbm/ sec) 10 ft/sec 16 ft/sec 23 ft/sec 10 ft/sec 16 ft/sec 23 ft/sec 

High 0 3960 1,2 

2400 l,A* 1 2,B 3,C 3 3,C 

420 2,A 2 2,B 4,D 4 4,D 

160 2,A 2 2,B 4,D 4 4,D 

Low 0 2534 5,5 ..... 
~ 
N 

850 5 

275 5 

116 5 

45 2534 6,7 

850 6,E 6 7,F 8,G 8 8,H 

275 7,E 7 7,F 9,G 9 9,H 

116 7,E 7 7,F 9,G 9 9,H 

*A1phebetic sequence represent simulation gas of H.W. 16 @ -260oF. Numeric Sequence represent simulation gas of 
M.W. 40.6 @ 70oF. 



Table 10. Locator Table For Concentration Results 

Wind Boi1off neutral stable 
Model Direction (lbm/ sec) 10 ft/sec 16 ft/sec 23 ft/sec 10 ft/sec 16 ft/sec 23 ft/sec 

High 0 3960 1,2,3 

2400 4,5,6,7 8 9,10,11 12,13,14 15 16,17,18 

420 19,20,21 22 23,24 25,26 27 28,29 

160 30,31,32,33 34 35,36,37 38,39,40 41 42,43,44 

29 45 

Low 0 2534 46,47 

850 48 49 50 ...... 
VJ 
VJ 

275 51 

116 52 53 54 

94 55 

45 2534 56,57 58 

850 59,60,61 62 63,64,65 66,67,68 69 70,71,72 

275 73,74 75 76,77 78,79 80 81,82 

116 83,84,85 86 87,88,89 90,91,92 93 94,95,96 

94 97 



RUN NUMBER 

PROTOTYPE C6NDIT1ONS 

DIKE CONFIGURATION 
DIKE MATERIAL 
TIME EQUIWALENT 
wIND DIRECTION 
WIND SPEED 
STRA TIF ICATION 
BOIL OFF RATE 

SAMPLE. POSITION (FT) 
)( Y Z 

181 -e34 0 
210 -130 0 
300 0 0 
el0 130 0 
181 e34 0 
702 -384 0 
775 -198 0 
800 0 0 
175 198 0 
702 384 0 

1343 -3'5 0 
1386 -280 0 
1400 0 0 
1386 200 0 
134l 395 0 
2367 -398 0 
2392 -210 0 
2400 0 0 
2392 290 0 
2367- 398 0 
3518 -399 0 
3594 -200 0 
3600 0 0 
3594 200 0 
3578 399 0 
498 .. -400 0 
4996 -200 0 
5000 0 0 
4996 200 0 
4984 400 0 
6000 0 0 

0 0 0 

HIGh 
SOIL 

1 SEC 
o 

9.8 fT/S 
NEUTRAL 

3960 L8M/SEC 

PE.R CENT METhANE 

40.8!'J 
34.65 

5.7.3 
31.63 
43.4~ 

32.88 
21.06 
25.16 
28.01 
32.50 
26.23 
24.65 
24.65 
21.11 
25.41 
21.30 
19.91 
11.18 

3.89 
18.89 
11.18 
16.74 
13.26 
15.98 
14.46 
11.11 
13.64 
11.36 
14.21 
13.07 
11.04 
0.00 

MODEL CONDITIONS 

SCALE 
GHID TYPE 
WIND SPEED 
STRATIFICATION 
Ht.LEASE GAS 
Rt.LEASE GAS TEMP. 
FLOW RATE 

CONCENTRATION COEFFICIENT 
K 

TablE' 10-1 

1.4 
1.2 
.20 
1.3 
1.5 
1.1 
.94 
.81:1 
.91 
1.1 
.91 
.86 
.86 
.74 
.88 
.74 
.69 
.60 
.14 
.66 
.60 
.58 
.46 
.56 
.50 
.39 
.47 
.40 
.49 
.45 
.31:1 

o. 

1-200 
2 

.71 FT/S 
o C 

40.6 MW 
22 C 

3.80 CFM 

~ .,. 



RUN NUMBER 101 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CO~FIGURATION I-fIGH SCALE 1-500 
DIKE PofATERIAL SOIL GHID TYPE 7 
TIME EQUI VALENT 1 SEC WINO SPEED .44 FTIS 
WINO DIHECTION 0 S1 RA TIFICAT ION o C 
WINO SPEED 9.tJ FT/S Rt.LEASE GAS 40.6 MW 
STRA TInCATION NEUTRAL RELEASE GAS TEMP. 22 C 
BOIL OFF RATE 3960 LBM/SEC FLOW RATE .26 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONC~NTRATION COEFFICIENT 
X Y Z K 

105 -489 0 23.14 1.1 
389 -314 0 22.2l 1.0 
500 0 0 19.16 .90 
389 314 0 26.36 1.2 
105 489 0 27.4:3 1.3 
866 -981 0 8.59 .40 

1150 -490 0 9.06 .42 
1250 0 0 9.21 .43 
1150 490 0 8.91 .42 
866 901 0 7.19 .36 ...... 

VI 
1154 -9..,1 0 4.78 .22 tl1 

1938 -496 0 4.93 .23 
2000 0 0 4.3l .20 
1938 4fi6 0 4.6l .22 
1154 961 0 3.76 .18 
3358 -987 0 2.22 .10 
3464 -4fi9 0 2.89 .13 
3500 0 0 2.68 .13 
3464 "'9 0 2.3J .11 
3358 981 0 2.28 .11 
4900 -994 0 1.5' .11E-O 1 
4915 -499 0 1.66 .18E-Ol 
5000 0 0 1.56 • 73E-O 1 
4915 4'9 0 1.82 .8~E-Ol 
4900 994 0 1.36 ."'3[-01 
5911 -996 0 .74 .35E-Ol 
5979 -500 0 1.31 .61E-Ol 
6000 0 0 .69 .32E-Ol 
5979 500 0 1.26 .59E-Ol 
5917 996 0 1.26 .59£-01 

0 0 0 0.00 o. 
0 0 0 0.00 o. 

Tahl€' 10-2 



RUN NUMBER lOlA 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGVRATION HIGH SCALE 1-500 
DIKE MATERIAL SOIL GHID TYPE 3 
TIME EQUIVALENT 1 SEC WINO SPEED .44 FTIS 
tIIlNo DIRECTION 0 STRATIFICATION o C 
WIND SPEED 9.H FTIS Rt-LEASE GAS 40.6 MW 
STRA TInCA TION IIIEUTRAL RELEASE GAS TEMP. 22 C 
BOIL OFF RATE 3960 LBMISEC FLOW HATE .26 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z I( 

46B -5'5 0 12.04 .56 
675 -J25 0 13.55 .63 
750 0 0 2.28 .11 
675 325 0 1.8ft .81E-01 
468 5.5 0 13.68 .64 

1755 -960 0 1.25 .58E-Ol 
1938 -4.5 0 3.68 .11 
2000 0 0 2.4Q .11 
1938 4'5 0 2.95 .14 
1755 960 0 1.01 .50E-01 ...... 

3358 -9.8 0 .38 .18E-01 
(,N 
(J\ 

3465 -510 0 .95 .44E-01 
3500 0 0 .83 .39E-01 
3465 500 0 .8i .39E-01 
3358 988 0 .31 .18E-01 
5918 -995 0 .15 .72E-02 
5980 -510 0 .19 .89E-02 
6000 0 0 .2* .10E-01 
5980 510 0 .01 .68E-03 
5918 995 0 .12 .55E-02 
8945 -998 0 .12 .58E-02 
8985 -500 0 .14 .b3E-02 
9000 0 0 .14 .63E-02 
8985 590 0 .15 .72E-02 
8945 998 0 .15 .b9E-02 

12460 -10tO 0 .10 .46E-02 
12490 -580 0 .09 .44E-02 
12500 0 0 .11 .49£-02 
12490 5eo 0 .14 .66E-02 
12460 1000 0 .15 .69E-02 
15000 0 0 .11 .52E-02 

0 0 0 0.00 o. 

Tahle 10-3 



RUN NUMBER 2 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGUHATION HIGH SCALE 1-200 
DIKE MATERIlL CONCRETE SOIL GHID TYPE 2 
TIME EQUIVALENT 1 120 SEC wIND SPEED .71 FT/S 
WIND DIRECTION 0 S TRATIF'ICA TION o C 
WIND SPEED 9.~ FT/S Rt.LEAS~ GAS 40.6 MW 
STRATIFICATION NEUTHAL RtLEASE GAS TEMP. 22 C 
BOIL OFF RATE 2400 LBM/SEC FLOW RATE 2.40 CFM 

SAMPLE P6SITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y I K 

187 -234 0 35.41 ~.O 
270 -130 0 35.bQ 2.0 
300 0 0 10.9Z .60 
270 130 0 38.2b 2.1 
187 234 0 34.7l 1.9 
702 -384 0 25.09 1.4 
775 -198 0 20.79 1.1 
800 0 0 19.15 1.1 
775 198 0 22.50 1.2 
702 384 0 21.61 1.2 ..... 

1343 -31j5 0 18.39 1.0 toN 
...... 

1386 -200 0 19.08 1.1 
1400 0 0 17.63 .91 
1386 200 0 16.61 .92 
1343 395 0 16.99 .94 
2367 -398 0 12.63 .70 
23q2 -200 0 14.34 .19 
2400 0 0 11.4! .63 
23q2 200 0 3.20 .18 
2367 3'98 0 11.11 .62 
3578 -399 0 10.35 .51 
3594 -200 0 10.35 .57 
3600 0 0 8.20 .45 
3594 200 0 9.40 .52 
3578 399 0 8.83 .49 
4984 -480 0 6.74 .31 
4996 -200 0 8.01 .44 
5000 0 0 6.49 .36 
4996 200 0 8.20 .4':1 
4984 480 0 1.69 .42 
6000 0 0 6.68 .31 

0 0 0 0.00 o. 

Table 10-4 



RUN NUMBER 2'1 

PROTOTYPE C6NDITION5 

DIKE CONFIGURATION 
DIKE MATERIAL CONCRETE 
TIME EQUIVALENT 1 
WIND DIRECTION 
WINO SPEED 
STRATIFICATION 
BOIL OFF RAtE 

SAMPLE POSITION (FT) 
X Y 1 

450 0 0 
450 0 11 
450 0 33 
450 0 61 
450 0 133 
450 0 200 

1023 -232 0 
1023 -232 33 
1023 -232 100 
1023 .. 232 161 
1050 0 0 
1050 a 11 
1050 0 33 
1050 0 61 
1050 0 133 
1050 0 200 
1023 232 0 
1023 232 33 
1023 232 100 
1023 232 161 
2050 0 0 
3"'50 0 0 
3450 a 61 
3"'50 0 200 
3450 0 300 
3450 0 400 
5050 0 0 
5050 0 61 
5050 0 200 
5050 0 300 
5050 0 400 
6650 0 0 

HIGH 
SOIL 

120 SEC 
0 

fi.8 FT/S 
NEUTRAL 

2400 LBM/SEC 

PER CENT METHANE 

42.1' 
l5.23 

4.66 
1.48 

.18 

.0'" 
Z3.01 

8.41; 
1.U 

.OJ 
19.78 
14.83 
8.01 
3.75 

.29 

.0. 
18.58 
1.13 
5.2' 

.11 
9.09 
5.86 
1.82 
.44 
.02 

0.00 
.91 
.91 
.31 
.09 
.06 

1.93 

MODEL CONDITIONS 

SCALE 
GRID TYPE 
WINO SPEED 
SlRATlFICA TION 
Rt-LEASE GAS 
RELE.SE GAS TEMP. 
FLOW RATE 

CONCENTRATION COEFFICIENT 
K 

Table 10-5 

~.4 

1.4 
.26 
.82E-Ol 
.10E-Ol 
.24£"02 
1.3 
.46 
.94E"01 
.17E-02 
1.1 
.82 
.44 
.21 
.16£-01 
.20£-02 
1.0 
.43 
.29 
.95E-02 
.50 
.32 
.10 
.24E-Ol 
.11£-02 

o. 
.50£-01 
.53£-01 
.17£-01 
.52E-02 
.33E-02 
.11 

l-l00 
5 

.11 FT/S 
o C 

"'0.6 MW 
22 C 

2.40 CFM 

I-' 
~ 
00 



RUN NUMBER 2A 

PROTOTYPE CONDITIONS 

DIKE CONFIGURATION 
DIKE MATEAIAL CONCRETE 
TIME EQUIVALENT 1 
WIND DIRECTION 
WINO SPEE9 
STRATIFICATION 
BOIL OFF AATE 

SAMPLE POSITION (FT) 
X Y Z 

165 -230 0 
252 -130 0 
283 0 0 
252 130 0 
165 230 0 
490 -373 0 
584 -1'7 0 
617 0 0 
584 1.7 0 
490 373 0 

1134 -393 0 
1183 -1'9 0 
1200 0 0 
1183 1.9 0 
1134 393 0 
2569 -399 0 
2592 -280 0 
2600 0 0 
2592 200 0 
2569 3.9 0 
3913 -3'9 0 
3928 -280 0 
3933 0 0 
3928 200 0 
3913 399 0 
5235 -400 0 
5246 -280 0 
5250 0 0 
5246 200 0 
5235 .. 00 0 

0 0 0 
0 0 0 

HIGH 
SOIL 

120 SEC 
0 

9.8 FTIS 
NEUTRAL 

2400 LBMISEC 

PER CENT METHANE 

32.66 
37.1] 
27.7' 

0.00 
30.32 
26.70 
26.9t 
19.89 
22.02 
24.15 
20.74 
18.62 
16.70 
13.94 
14.36 
12.66 
5.85 

10.11 
0.08 
6.91 
5.6" 
7.68 
7.36 
6.02 
2.55 
2.53 

.40 
1.36 
1.96 
1.68 
0.00 
0.00 

MODEL CONDITIONS 

SCALE 
GHtD TYPE 
WINO SPEED 
STRAT IF ICA TION 
RELEASE GAS 
RfLEASE GAS TEMP. 
FLOW RATE 

CONCENTRATION COEFFICIENT 
K 

Table 10-6 

1.8 
2.0 
1.5 

o. 
1.7 
1.5 
1.5 
1.1 
1.2 
1.3 
1.1 
1.0 
.92 
.77 
.79 
.70 
.32 
.56 

o. 
.38 
.31 
.42 
."1 
.33 
.14 
.14 
.22E-01 
.7~E-Ol 
.11 
.93E-Ol 

o. 
O. 

1-200 
1 

.11 FT IS 
o C 

40.6 ,",W 
22 C 

2.40 CFM 

..... 
tN 
It:) 



RUN NUMBER 2C 

PROTOTYPE CONDITIONS ,",ODEL CONDITIONS 

DIKE CO~FIGURATION HIGH SCALE 1-200 
DIKE MATERIAL CONCRE.TE SOIL GHID TYPE 6 
TIME EQUIVALENT 1 120 SEC WINO SPEED .11 FT/S 
WINO DIRECTIO~ 0 STRATIFICATION 5 C 
WIND SPEED Ii.S FT/S Rt.LEASE GAS 16.0 I4W 
STRATIFICATION NEUTRAL Rt.LEASE GAS TEMP. -110 C 
ROIL OFF RATE 21t00 LBM/SEC FLOW RATE 2.1t0 CFI4 

SAMPLE POS IT I ON eFT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 29.7" 1.6 
1t15 -163 0 24.71 1.1t 
1t50 0 0 27.35 1.5 

*450 0 33 14.74 .81 
*450 0 67 10.47 .58 
*450 0 133 18.36 1.0 
*450 0 200 10.26 .57 

415 163 0 13.83 .76 
317 298 0 13.06 .72 

*971 -390 0 .72 .39E-Ol 
1030 -199 0 7.39 .41 

*1030 -199 33 11.01 .61 
*1030 -199 100 3.97 .22 
*1030 -199 167 1.16 .64E-01 
*1050 0 0 7.00 .39 
*1050 0 33 13.46 .74 
*1050 0 67 9.13 .50 
*1050 0 133 11.02 .61 ... 

a 
*1050 0 200 4.89 .c7 

1030 199 0 19.28 1.1 
*1030 199 33 .51: .28E-Ol 
*1030 199 100 2.68 .15 
*1030 199 167 2.65 .15 

*971 390 0 .10 .54E-02 
2010 -398 0 3.07 .17 
2040 -200 0 25.94 1.4 
2050 0 0 7.82 .43 

*2050 0 50 7.12 .31i 
*2050 0 100 4.87 .27 
*2050 0 200 5.60 .31 
*2050 0 300 2.49 .11t 

2040 200 0 22.25 1.2 
2010 398 0 2.74 .1~ 

3426 -399 0 6.88 Tahlc 10-; .38 
3444 -280 0 4.81 .27 
3450 0 0 in.75 1.3 

*3450 0 67 4.31 .21t 
*3450 0 200 2.82 .16 
*3450 0 300 1.0') .58E-01 
*3450 0 400 1.41 .78E-Ol 

3444 200 0 6.03 .33 
3426 n9 0 9.55 .,)3 
5044 -232 0 5.27 .29 
5050 0 0 20.00 1.1 
5050 0 67 1.51 .8lE-01 
5050 0 200 2.72 .15 
5050 0 300 .41 .23E-01 
5050 0 400 .20 .11E-0 1 
5044 232 0 3.92 .22 
6650 0 0 11.11 .t-l 



RUN NUMBER 202 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIG~RATION HIGH SCALE 1-200 
DIKE MATERHIIL CONCRETE SOIL GHID TYPE 4 
TIME EQUIVALENT 1 120 SEC WINO SPEED 1.16 FTIS 
WINO DIRECTION 0 STRATIF ICA lION o C 
WINO SPEED 16.4 FTIS RE-LEASE GAS 40.6 MW 
STRA TIF ICATION NEUTRAL RELEASE GAS TEMP. 22 C 
BOIL OFF RATE 2"00 LBMISEC FLOW RATE 2.40 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

267 -2'S 0 25.60 2.4 
365 -163 0 19.46 1.8 
400 0 0 5.82 .54 
365 163 0 15.65 1.5 
267 2'S 0 22.8' 2.1 
921 -3'0 0 11.39 1.1 
9S0 -199 0 7.59 .71 

1000 0 0 1.90 .18 
9S0 199 0 4.18 .39 
921 3.0 0 11.51 1.1 ...... 

1960 -398 0 6.90 .65 e 
1990 -210 0 7.01 .66 
2000 0 0 2.53 .24 
1990 210 0 5.71 .54 
1960 3.S 0 6.05 .51 
2000 0 17 I.U .10 
2000 0 33 .11 .66E-Ol 
2000 0 67 .3a .31E-Ol 
2000 0 133 .35 .32E-Ol 
2000 0 200 .05 .43E-02 
3376 -399 0 2.59 .24 
3394 -200 0 2.S7 .21 
3400 0 0 2.5J .24 
3394 210 0 4.1S .39 
3376 399 0 3.04 .28 
4984 -4tO 0 1.2l .11 
4996 -280 0 2.93 .21 
5000 0 0 .S8 .82E-Ol 
4996 210 0 2.01 .19 
4984 410 0 2.70 .25 
6600 0 0 0.00 O. 

0 0 0 0.00 o. 

Table lO-R 



RUN NUMBER 302 

PROTOTYPE C6NDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION HIGH SCALE 1-200 
DIKE MATEIiI_L CONCRETE SOIL GRIO TYPE 4 
TIME EQUIVALENT 1 120 SEC WINO SPEED 1.62 FT/S 
WIND DIRECTION 0 STRATIFICATION o C 
WIND SPEES 23.0 FT/S Rt.LEASE GAS 40.6 MW 
STRATIFICUION NEUTRAL Rt.LEASE GAS TEMP. 22 C 
BOIL OFF PlATE 2400 LBM/SEC FLOW RATE 2.40 CFM 

SAMPLE P6SITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

267 -2'8 0 23.~' 3.2 
365 -163 0 10.03 1.4 
400 0 0 1.78 .24 
365 163 0 10.08 1.4 
267 2.8 0 23.06 3.2 
921 -3,0 0 7.05 .97 
980 -1'9 0 3.3l .46 

1000 0 0 .77 .11 
980 199 0 1.81i .26 
921 3'0 0 6.25 .86 .... 

.;:.. 
1960 -3'8 0 3.0! .41 N 

1990 -2'0 0 1.25 .17 
2000 0 0 .56 .77E-Ol 
1990 200 0 .66 .91E-Ol 
1960 398 0 2.05 .28 
2000 0 17 .44 .60E-Ol 
2000 0 33 .36 .49E-Ol 
2000 0 67 .15 .20E-Ol 
2000 0 133 .09 .12E-Ol 
2000 0 200 0.00 O. 
3376 -3'9 0 2.6J .36 
3394 -280 0 1.20 .16 
3400 0 0 .32 .44E-Ol 
3394 210 0 .33 .45E-01 
3376 3.9 0 .85 .12 
4984 -480 0 .85 .12 
4996 -200 0 .93 .13 
5000 0 0 .22 .31E-Ol 
4996 200 0 .24 .34E-Ol 
49B4 480 0 .27 .37E-Ol 
6600 0 0 .38 .52E-01 

0 0 0 0.00 o. 

Table 10-9 



PUN NIJMbE~ 30?1I 

PROTOTYPE COI\IOITIO"J:::t 

01 KE' CONF I GUR A T H':,) 
DIKF fl.A1EkIAl COhj("kt. TE' 
TJMt: FQuIVAlE",T 1 
WINO OIHECTION 
wINO SPEEn 
STRATIFICAT 10"-1 
SOIL OFF RATE 

SA~PlF: POSITION (F T) 
X Y Z 

450 0 0 
4C:;O 0 17 
450 0 33 
450 0 67 
4150 0 133 
450 0 ;>00 

1023 -(!Ji' (i 

1023 -232 33 
10?3 -232 lOO 
1023 -232 1~7 
1050 t) 0 
1050 0 17 
10150 0 33 
1050 0 67 
10150 0 133 
1050 () 20(1 
1023 232 0 
1023 232 33 
1023 232 100 
1023 2"32 11,7 
2050 0 0 
34S0 0 (I 

3450 0 f)7 
34t;0 0 rOO 
3450 0 :iO('l 
3.50 0 4()U 

5050 0 0 
5050 &) 67 
50t;0 0 ?oo 
SOCia 0 30n 
5050 " AOI) 
f)b~O 0 I) 

HIGH 
SUIL 

120 SEC 
0 

?.1.0 FT/S 
N".UT~AL 

~400 LHM/Sf.C 

~tR CENT METHANE 

~.15 
l.dO 

.b7 

.7tt 

.10 

.0:» 
~.38 
1.09 

.13 

.OJ 
1.2~ 
1.01 
.It! 
.37 
.12 
.0:;, 
.5!:) 

1.6J 
1.1t: 

.OS 
4.00 
4.1'1 

.9!:) 

.11 

.OJ 

.0::1 
c:.20 
.of 
.cU 
.07 .o.j 

t::.lrs 

Table 10-10 

MOO~l CON~lrl0NS 

:::t(.;ALE 
tiRI U T YPt 
NINO SPI:.t:.D 
!) 1 K '" T IF H:' AT 1 ON 
~t.Lt:.ASt_ GAS 
~~Lf.ASt. EAS TLMP. 
f-LO .. HATt. 

CON~f.NTHATlU~ COt:.FflCltNT 
K 

.3t.1 

.2~ 

."~t-Ol 
• 11 
.~lt.-Ol 
.61r:..-02 
.74 
.t::J 
.18t.-Ol 
.44t.-O~ 
.18 
.14 
.Y.':H:.-Ol 
.~H:'-Ol 
.10t-Ol 
.11jt.-02 
.1nt.-Ol 
.2e. .1" .1:;,t: -02 
.56 
.~7 
.1J 
.IIjE-Ol 
.3bf.-02 
.30t-O~ 
.30 
.1e. 
.21E.-Ol 
.9tH:.-Oc 
.3bE-0~ 
.30 

1-~00 
5 

1.b2 FTIS o C 
40.0 Mw 

~2 C 
2.40 CFM 

..... 
~ 
~ 



RUN NUMBER 302C 

PROTOTY~~ CONDITIONS MODEL CONDITIONS 

DIKE CONFIG~RATION HIGH SCALE 1-200 
DIKE MATERIAL CONCRETE SOIL GRID TYPE 6 
TIME EQUIIiALENT 1 12U SEC WINO SPEED 1.62 FTIS 
WIND DIRECTION 0 STRATIFICATION o C 
WIND SPEES 23.0 FTIS Rt.LEASE GAS 16.0 MW 
STRATIFICATION NEUHUL Rt.LEASE GAS TlMP. -160 C 
BOIL OFF RATE 21t00 LBM/SEC FLOW RATE 2.40 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -2'8 0 .21- .28E-Ol 
415 -163 0 5.20 .71 
450 0 0 13.41 1.8 

*450 0 33 4.54 .6e 
*4'50 0 67 2.92 .40 
*4'50 0 133 2.62 .36 
*450 0 200 .59 .81E-Ol 

1t15 163 0 7.56 1.U 
317 2'8 0 1.41 .19 

*971 -390 0 4.05 .55 
1030 -199 0 .89 .12 

*1030 -199 33 1.80 .25 
*1030 -1'9 100 .29 .39E-01 
*1030 -199 167 .09 .12E-Ol 
*1050 0 0 2.02 .28 
*1050 0 33 1.61 .23 
*1050 0 67 1.82 .25 ... 
*1050 0 133 1.36 • 19 ... 
*1050 0 200 .98 .13 

1030 1'9 0 1.82 .25 
*1030 199 33 1.73 .24 
*1030 199 100 1.07 .15 
*1030 199 167 .11 .15E-01 

*971 3'0 n .86 .12 
2010 -398 0 .08 .11E-Ol 
2040 -200 0 .28 .39E-Ol 
2050 0 0 .81 .11 

*2050 0 50 1.15 .16 
*2050 0 100 1.11 .15 
*2050 0 200 .61 .92E-Ol 
*2050 0 300 .21 .29E-Ol 

2040 200 0 .38 .5eE-01 
2010 398 0 .02 .26E-02 
3426 -399 0 .11 .14E-Ol 
3444 -200 0 .10 .22E-01 
3450 0 0 .50 .68E-Ol 

*3450 0 61 .12 .98E-Ol 
*3450 0 200 .66 Table iO-ll .90E-Ol 
*3450 0 300 .1I! .25E-Ol 
*3450 0 400 .03 .35E-02 

3444 200 0 .15 .20E-Ol 
3426 399 0 .11:1 .25E-Ol 
5044 -232 0 .3l .46E-Ol 
5050 0 0 .44 .60E-Ol 
5050 0 67 .':10 .69E-Ol 
5050 0 200 1.68 .23 
5050 0 300 .75 .10 
5050 0 400 .22 .lIE-OI 
5044 232 0 .11 .15(-01 
60'50 0 0 .':12 .72(-01 



RUN NUMBER 22 

PROTOTYPE CBNDITIONS MODEL CONDITIONS 

DIKE CONFIGu~ATION HIGH SCALE 1 .. 200 
DIKE MATERIAL CONC~ETE SOIL GHID TYPE 9 
TIME EQuIVALENT 1 120 SEC wIND SPEED .11 FT/S 
WIND DIRECTION 0 SIRATIFICA TION 23 C 
WIND SPEED 'l.S FT/S Rt.LEASE GAS 40.6 MW 
STRA TIF ICA rION STABLE RELEASE GAS TEMP. 22 C 
BOIL OFF lUTE 2400 LBM/SEC FLOW RATE 2.40 CFM 

SAMPLE POSITION (FT. PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 .. 2.8 0 38.81 1.4 
415 -163 0 42.94 l.b 
450 0 0 54.30 2.0 
415 163 0 49.72 1.8 
317 2.8 0 43.11 l.b 
971 -390 0 8.31 .31 

1030 -1'9 0 9.21' .34 
1050 0 0 7.18 .27 
1030 199 0 5.88 .22 

971 390 0 4.64 .11 ..... .,. 
2010 -398 0 2.00 .74E-Ol V1 

2040 -280 0 2.69 .99E-Ol 
2050 0 0 2.11 .10 
2040 280 0 2.16 .10 
2010 3'8 0 2.11 .10 
2050 0 11 2.79 .10 
2050 0 33 2.6' .99E-Ol 
2050 0 67 2.61 .99E-Ol 
2050 0 133 1.7) .63£-01 
2050 0 200 .80 .30£-01 
3426 -3'9 0 2.02 .14E-Ol 
3444 -200 0 2.51 .95E-Ol 
3450 0 0 2.95 .11 
3444 200 0 3.1l .12 
3426 3.9 0 2.89 .11 
5034 -480 0 1.13 .42E-Ol 
5046 -200 0 1.46 .54E-Ol 
5050 0 0 2.00 .74E-Ol 
5046 200 0 2.42 .89E-Ol 
5034 400 0 2.25 .83E-Ol 
6650 0 0 .29 .11E-Ol 

0 0 0 0.00 O. 

Table 10-12 



RUN NUM~ER 22V 

PPOTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CO~FIGURATION HIGH SCALE I-cOO 
DIKE MATERIAL CONC~ETE SOIL GWID TYPE ., 
TIME EQuIVALENT 1 120 SEC WIND SPEED .71 FTIS 
WIND DIHECTION 0 5TRA TIF ICA lION c3 C 
WIND SPEED ~.~ FOT/S RE-LEASE GAS 40.6 MW 
STRATIFICATION STABLE HELEASE GAS TEMP. e2 C 
BOIL OFF lUTE 2400 LBM/SEC FLOW RATE 2.40 CFt.! 

SAMPLE POSITION eFT) PER ClNT METHANE CONCENTRATION COEFFICIENT 
X Y Z I( 

450 0 0 32.41 1.2 
450 0 17 1.18 .21 
450 0 33 .18 .68E-Oc 
450 0 61 1.84 .6SE-01 
450 0 133 .95 .35E-Ol 
450 0 200 .45 .16f-01 

1023 -232 0 6.21 .23 
1023 -232 33 4.45 .16 
1023 -232 100 .80 .30E-Ol 
1023 -232 167 .27 .10E-01 .... 
1050 0 0 5.83 .22 ~ 

C]\ 

1.050 0 11 5.68 .21 
1050 0 33 3.18 .14 
1050 0 67 1.59 .59E-01 
1050 0 133 .88 .33E-01 
1050 0 200 .52 .19E-Ol 
1023 232 0 4.70 .17 
1023 232 33 3.44 .13 
1023 232 100 1.01 .40E-01 
1023 232 167 .73 .2n--Ol 
2050 0 0 2.05 .76E-01 
3450 0 0 1.20 .44E-Ol 
3450 0 67 .56 .2lE-01 
3450 0 200 .34 .13E-01 
3450 0 300 .O~ .17E-02 
3450 0 400 0.00 O. 
5050 0 0 .12 .45E-02 
5050 0 67 .07 .21E-02 
5050 0 200 .11 .6cE-02 
5050 0 300 .10 .J6E-02 
5050 0 400 .08 .3UE-02 
6650 0 0 0.00 O. 

Table 10-13 



~4JN ,t\iUMS,"_O( ;>1" 

PRu TOT 'r'PE CONi) r T IOW~ ~UU~l CONDITIONS 

GI~f COhfI6uHATIO~ t-"IGt-t '-CAlE 1-~OO 
11It<F MATEHIAl L'H.C...cETE C;O~L ',"Iu TYPE. t> 
TIMF F'JlJIV~Ltf\lT 1 ! .0 t:,t:.C lII!lIjt) SPf.l:.lJ .fl FT/S 
wII\1) t)hcECTI'Jf\' :J .,T~ATH·lCATI0N l~ C 
wI~n S"'Et::O ~.a FT/S Ht.LC.ASt. bAS 10.0 MIiW 
C;;T~I\TH ICATION ... 1 A~Lt:' ~tltASt GAS Tl:.MP • -1/':J C 
0-1011 nl='F ~AH 2400 Lt:<M/SEC !-lO" ~ATt:. 2 ... 0 CFIIII 

SA~PLt: IlO~ITI()N (FT) Pt:.~ CtNT METMAHE CUNC~NTHATIUN COt.F~ICIENT 
Jl Y l I< 

.U7 -2QA 0 ... ,,1 .1b 
415 -lb3 0 B.9C: .33 
.~o 0 0 20.4b .10 

*.50 0 33 19.50 .7i. 
*4')0 0 67 21.,.,7 .80 
*~.,,) 0 1 ~.3 9.9d .31 
*4&:;0 0 ~oo 1.0" .3':it.-Ol 

41e:. ltd (} 15.'19 .59 
.H7 298 ('I 4.71 .1I:s 

410'171 -390 0 .21t .'101:.-02 
1010 -199 0 17.2~ .b4 

*10.10 -199 33 IJ.b3 .50 
*1030 -199 100 6.2b .2J 
*1030 -199 167 .4d .ltsf.-Ul 
*10C;0 0 0 10.11 .3" 
410 10-;0 0 .33 1b.33 .flO 
*10'iO 0 67 19.94 .74 .... 
*10'-0 0 133 3.S1 .13 ~ 

*lo"u 0 ?OO i..37 .d1t.-Ol " 1030 199 CJ 15.39 .51 
*1010 199 33 Ib.19 .60 
*1030 199 100 .33 .121:.-01 
*1030 1~9 1"1 .53 .19l:.-Ul 

*911 390 0 4.80 .U, 
2010 -J9B 0 3.8':J .14 
2040 -200 0 5.67 .21 
20150 0 0 ts.~l .33 

*~OC;O 0 0;0 15.74 .5b 
*20';0 0 100 4.11 .15 
*2050 0 200 1.14 .4i.~.-01 
*2050 0 300 .5~ .1~E-Ul 

2040 200 ('I 17.02 .bJ 
2010 39A 0 12.20 .4~ 
342*, -J99 (} .40 .1~E.-Ul 
3444 -200 0 4.4!) .16 
34C;0 0 0 /j.l .. .30 

*34';0 0 67 b.lu .23 
*34-;0 0 200 .3~ • 14i:.-Ol 
Goj4'Si) 0 JOO .~~ .~lt.-Ol 
*]4';1\ 0 .00 .0.., .3Jt.-02 
3~'+4 200 [I 11 •. ,.; .4" 
342f1 3'i9 (l 1~.47 .4C 
!;04. -c..i? 0 .7;S .1.--
5(J~O U (j L3.12 .::11 
~050 I') 07 6.51 .c" 
50"0 0 20(1 .'26 .101:.-01 
5050 0 :iOO • 1 i ... ~t-O~ 
!::t0C;0 0 .00 .02 .80f.-03 
5044 232 0 11 • 11 ... 1 
b6,)O 0 0 9.34 .34 

Table 10-14 



RUN NlJM~E~ 222 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION HIGH SCALE 1-200 
DIKE MATERIAL CONC~ETE SOIL GRID TYPE 9 
TIME EQUIVALE~H 1 120 SEC WINO SPEED 1.16 FT/S 
WIND DIRECTION 0 STRATIFICATION c4 C 
WIND SPEED 16.4 FT/S RELEASE GA~ 40.6 Mill 
STRA TIF ICAlION STABLE RELEASE GAS TEMP. 22 C 
BOIL OFF ~ATE 2400 LBM/SEC FLOW RATE 2.40 CFM 

SAMPLE P6SITION (FT) PER ClNT METHANE CONCENTRATION COEFFICIENT 
X Y Z t< 

317 -298 0 33.87 2.0 
415 -163 0 40.25 l.4 
450 0 0 43.60 2.6 
415 163 0 45.25 2.7 
317 298 0 49.30 3.0 
971 -390 0 5.20 .31 

1030 -199 0 4.9CJ .30 
1050 0 0 5.62 .34 
1030 199 0 6.21 .37 

971 390 0 5.57 .34 ...... 

2010 -398 0 1.42 .86E-Ol 
.".. 
00 

2040 -280 0 1.58 .95E-ol 
2050 0 0 1.41j .90E-Ol 
2040 200 0 1.52 .92E-Ol 
2010 398 0 1.95 .12 
2050 0 17 1.71 .11 
2050 0 33 2.92 .18 
2050 0 67 2.49 .14 
2050 0 133 .78 .41E-Ol 
2050 0 200 .58 .3~E-Ol 
3426 -3'i9 0 1.3i! .SOE-Ol 
3444 -290 0 2.01 .12 
3450 0 0 2.10 .13 
3444 200 0 2.63 .16 
3426 399 0 1.70 .10 
5034 -4QO 0 1.01 .6~E-Ol 
5046 -200 0 1.36 .ij2E-OI 
5050 G 0 1.19 .72E-Ol 
5046 2iO 0 2.01 .12 
5034 .. gO 0 1.85 .11 
6650 0 0 .36 .22E-Ol 

0 0 0 0.00 O. 

Table 10-15 



RUN ~U~8ER j~2 

PROTOTYPE CONCH T I i)t-;j 

DIKE CONFIGURATION 
DIKE MATERIAL cn~C~ET~ 
TIME EQUIVALENT 1 
WINO OIRECTIOI\l 
WINO SPEED 
STRATIF ICA T I ()l\, 
qOIL OFF ~ATF 

SAMPLE POSITION (Ff) 
X Y Z 

317 -298 \.. 
415 -1t:3 (I 
450 0 (, 
415 163 \J 
317 291:\ (I 
971 -39t) 0 

1030 -199 f) 
1050 0 0 
1030 1 q9 C 

971 390 (j 
2010 -39q 0 
2040 -200 0 
2050 0 0 
2040 200 0 
2010 3QS 0 
2050 0 11 
2050 0 :33 
2050 0 67 
2050 (; 133 
2050 0 lOO 
342~ -399 ~ 
3444 -200 0 
3450 0 0 
3444 200 0 
34~~ 39q () 
5034 -400 0 
50.6 -ZOO () 
5050 0 (l 
5046 200 () 
5034 .00 (; 
6650 0 0 
000 

,..q '3'1 
SOIL 

.L2U SE.C 
o 

i',j.O fT/S 
~JdrllE. 

?I+OO L"'~/SEC 

~tk CtNT ~tT~ANE 

~6.2U 
34.05 
34.tl~ 
1+1.6'1 
32.':#2 
9.48 

10.10 
8.40 
6.82 
1+.87 
.fi~ 
.71 

1.33 
1.6~ 
2.1"; 
1.14 
t:!.30 
1.53 
1.43 
.06 
.92 

1.23 
1.2~ 
1.43 
l.le' 

.16 

.11 

.76 

."Jl 

.71 . ,(". 
I) • I) i.i 

Table 10-16 

MOOtL CONOITIONS 

S~AlE 
ut<lo TYPE 
1I1NO ~pt:.t:.O 
ST~ATIfICATION 
Hl:.lfASt. GAS 
HtlfASf bAS TEMP. 
t-LOw RATt:. 

CON~f~TkATI0N COEFFICIENT 
K 

c..1!. 
t:!.'1 
t!."1 
3.~ 
~.tt 
.au 
.8~ 
.71 
.~7 
.41 
.6~t.-Ol 
.00E-Ol 
.11 
.14 
.1 " .l~ 
.19 
.13 
• It:! 
.":'HE-Ot:! 
.11E.-0! 
.lO 
.1U 
.1i: 
.~~t-Ol 
• .1. ... 1:.-01 
.60E.-Ol 
.6'+1:.-01 
.8~t -0 1 
.60E-Ol 
.04E-01 

o. 

l-iOO 
9 

1.02 FT/S 
18 C 

1t0.6 ,",w 
t!2 C 

2.40 CFM 

.... 
~ 
U) 



RUN NUMBER 322V 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONfIGURATION HIliH SCALE 1-200 
DIKE MATERIAL CONCHETE SOIL GHID TYPE 5 
TIME EQUI VALENT 1 120 SEC WINO SPEED 1.62 fT/S 
WINO DIRECTION 0 STRA TIfICA nON 22 C 
WINO SPEED 23.0 fT/S Rt.LEASE GAS 40.6 MW 
STRATIfICATION STABLE RtLEASE GAS TEMP. 22 C 
BOIL OFf HATE 2400 LBM/SEC fLOW RATE 2.40 CFM 

SAMPLE POSITION CFT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

450 0 0 41.57 3.5 
450 0 11 12.40 1.0 
450 0 33 2.76 .23 
450 0 67 2.06 .17 
450 0 133 .53 .44£-01 
450 0 200 .11 .95E-02 

1023 -232 0 7.38 .62 
1023 -232 33 3.03 .26 
1023 -232 100 1.35 .11 
1023 -232 167 .32 .27E-01 ..... 
1050 0 0 6.82 .57 U1 

0 

1050 0 11 5.96 .50 
1050 0 33 3.95 .33 
1050 0 67 2.11 .18 
1050 0 133 1.31 .11 
1050 0 200 .ll .95E-02 
1023 232 0 8.28 .70 
1023 232 33 3.59 .30 
1023 232 100 .87 .73E-Ol 
1023 232 167 .26 .22E-Ol 
2050 0 0 2.34 .20 
3450 0 0 1.51 .13 
3450 0 67 .73 .61E-Ol 
3450 0 200 .15 .12E-Ol 
3450 0 300 o.oe O. 
3450 0 400 o.oe o. 
5050 0 0 .71 .60E-01 
5050 0 67 .39 .33E-01 
!:I050 0 200 .14 .12E-Ol 
5050 0 300 .03 .23E-02 
5050 0 400 .01 .12E-02 
6650 0 0 0.00 o. 

Table 10-17 



~UN NU~~ER 322C 

PWOTOTYPE CONDITIONS ~ODfl CONDITIONS 

OIKE CONFIGURATIO~ t416H S(;ALt:. 1-200 
DIKE" ~ATERIAL CONCRETE SOIL bwItJ TYPt. 6 
TI~E EQUIYALEt.lT 1 120 SEC wIIIIO SPEtO l.b2 FT/S 
wINO DlkECTION 0 ~ HiAT If ICA HaN 26 C 
WIND SPE.ED 2J.O FT/S Rf.Lt.ASE GAS 16.0 Mw 
STRATIFICATION SlAtKE WtLt_St GAS Tt~P. -175 C 
ROIL OFF HAlf 2400 LHM/SEC f'LO~ HATE. 2.40 CFM 

SAMPLE POSITION (FT) PER CENT METHANt (;ONCENTWATI0N COtFFICIE~T 
X Y 1 K 

317 -298 0 1.11 .'i~E.-Ol 
415 -163 0 4.78 .40 
450 0 0 2~.O .. 1. f:* 

*450 0 33 27.11 2.3 
*450 0 61 22.40 1.~ 
*450 0 133 16.43 1.4 
*450 0 200 1.6~ .14 

415 163 0 11.4'1 1.~ 
317 29R 0 b.8J .58 

*971 -390 0 •. 31 .26£.-01 
1030 -199 0 .47 .4uf-Ol 

*1030 -199 33 .&Ii .74f-Ul 
*1030 -199 100 3.Sts .30 
*1030 -199 167 .3~ .30E-Ol 
*1050 0 0 7.t:$O .66 
*1050 0 33 13.0~ 1. 1 
*1050 0 61 17.7') 1.~ .... 
*1050 0 133 3.7H .3~ VI 

*1050 0 200 1.0 ... .ti"lt:.-Ol .... 
1030 199 0 11.11 • 'oj 4 

*1030 199 33 14.~O 1.J 
*1030 199 100 .1b .6 .. t:.-Ol 
*1030 199 167 .~~ .~Ot:.-Ol 

*971 390 0 .1'1 .lot:.-Ol 
2010 -398 0 .02 .1~E-02 
2040 -200 0 ~.~.., .2':) 
2050 0 0 b.5fl • 7 i! 

*2050 0 50 ll.lts .94 
*2050 0 100 4.4(!' .31 
*20C;0 0 200 .H2 .b9E.-01 
*2050 0 300 .Orl .b':it:.-O~ 

2040 200 0 15.14 I.J 
2010 398 CJ 10.02 .1:14 
342f\ -39Q 0 .22 .ltH:.-ul 
3444 -200 0 t!'.34 .20 
34'50 0 0 6 • .,1 .5~ 

*3450 0 07 I).,,1i .41 
*3450 0 200 .41 .j'ojt:.-Ul 
·3450 0 300 .~1 .1Ht:.-01 
*3450 0 400 .00 • ':)41.-. -02 

3444 200 0 lO.ld .~., 

3426 3gQ 0 9.0tt .Ib 
5044 -232 0 4.4J .jl 
!;;O50 0 0 11.96 1.1I 
5050 0 67 3.1:13 • ~J 
50C;0 0 200 .51 .4Jt:-Ol 
5050 0 30U .11 .9'::>t:.-Ul 
5050 0 400 .Ol .7~t:-03 
5044 232 0 10.4t! .iiH 
66C;0 0 0 6.2() .':)~ 

Table 10-18 



RUN NUMBER 3 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION HIGH SCALE 1-200 
DIKE MATERIAL CONCRETE SOIL GHID TYPE 2 
TIME EQuIVALENT 120 210 SEC WIND SPEED .71 FT IS 
wiNO DlkECZTION 0 STRATIFICA fION o C 
fIIINO SPEE9 9.8 FT/S Rt.LEASE" GAS 40.b Mw 
STRAT IF ICATION NEUTRAL Rt.LEASE GAS TEMP. 22 C 
80IL OFF lUTE 420 LBM/SEC FLOW RATE .43 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

187 -234 0 13.71 4.2 
210 -130 0 7.63 i.J 
300 0 0 2.56 .79 
270 130 0 1.75 i.4 
187 234 0 11.99 J.1 
702 -384 0 3.83 1.2 
775 -198 0 2.06 .63 
AOO a 0 1.0. .32 
775 198 0 2.18 .67 
102 384 0 3.58 1.1 .... 

13.3 -395 0 1.55 .48 VI 
N 

1386 -280 a .79 .24 
uao 0 0 .31 .11 
1386 290 0 .19 .2. 
13.3 395 0 1.04 .32 
2367 -398 0 .39 .12 
2392 -210 0 .52 .16 
2400 0 0 .32 .91E-01 
23CJ2 200 0 .33 .10 
2367 398 0 .31 .11 
3578 -399 0 .39 .12 
3594 "200 0 .32 .99£""01 
3600 0 0 .32 .99£-01 
3594 200 0 .28 .88E-Ol 
3578 399 0 .25 .7bE-01 
4984 -4ao 0 .21 .b4E-01 
4996 -280 0 .23 .10E-Ol 
5000 0 0 .21 .04E-01 
4996 200 0 .21 .64E-Ol 
4984 .00 0 .21 .64E-Ol 
6000 0 0 .11 .53£-01 

0 0 0 0.00 o. 

Table 10-19 



RUN ~UMaE.H JA 

PROTOTYPE CONDITIONS MUDEL CONOITIONS 

OIKF. CONFIGURATIO~ HIGH st;ALt:. I-t!OO 
DIKE MATERIAL CONCRfT~ SOIL l';k!iJ TVI-'E 1 
TIMf fQUIVALENT 120 .::70 SEC wl",U :. ... t.EO • (I f1/S 
WINO DIRECTION IJ Sl~~TIFICATIO'" o C 
W,NO SPiED 9.~ FT/S kc.Lt:.'~f CiAS 40.b MW 
S RATIF CATION "1F.lJTRAL k~LtASE GAS TeMP. t!~ C 
ROIL OFF RATE 42D L8~/SfC "LU"" ~ATt .4J CfM 

SAMPLE POSITI~N (FT) Pt:.~ C~NT MET~AN~ ~UN~~NT~ATI0N COfFflCItNT 
IC Y K 

165 -230 0 13.34- 4.1 
252 -130 a 6.68 ~.1 
283 0 0 2.11 .6!,) 
2'52 130 0 4.27 1.3 
16S 230 0 9.73 J.O 
490 -373 0 7.57 ~.3 
5A4 -197 0 4.32 1.3 
611 (j 0 tI.Sf ~.b 
581t lq7 0 9.5~ l.9 
4QO 373 0 ;.s!:» 1.1 

1134 -393 0 3.6. 1.1 
l1A] -l~q (I 2.05 .63 
1200 0 0 .ll .12 
11 .. 3 lqq 

'" .89 .21 
1134 3..,3 0 l.14 .b6 
2~"q -39q n 2.23 .69 
l592 -200 fI 1.11 .C;~ 
21;00 0 0 .11 • .,4f-Ol .... 

C.I1 
2'i92 2tJi) 0 .21 .S4t.-O! (,,;t 

t?S6Q 3Q"J () 1.45 .... :;, 
3913 -399 0 1.O~ .31 
3928 -200 0 1.09 .34 
3q33 0 0 I.OS .3l 
39?A 200 0 .42 .1J 
3913 J9Q 0 .69 .21 
~23S -400 0 • 7~ .21 
524~ -200 (l .ib .HOt.-ol 
~2t;0 0 'J .32 .YHf..-Ol 
S24~ 200 \' .41 .1J 
52115 ..,cHi U .~6 .11 

0 ;j {} o. 0 o. 
0 

,., 
0 0.00 o. ',f 

Table 10-20 



RUN NUMElER 3C 

PROTOTYPe ceNOITIONS MODEL CONOUIONS 

DIKE CONFIG~PATION HIGH SCALE l-l00 
OII(E MATERIAL CONCRETE SOIL GRID TYPE 6 
TIME EQUIVALENT 120 210 SEC WINO SPEED .11 FTIS 
llI1NO DIRECtION I) SlRA'ttFltlHQN 8 C 
IIIINO SPEED 9.8 FTIS HilUSE GAS 16.0 Mli 
STRATIFICATION NEUTRAL RtlEASE GAS TEMP. -1!:;0 C 
eOIL OFF RATE 420 L8M/SEC FLOW RATE .43 CF"4 

SAMPLE POSITION eFT. PER CENT ME'HANE CONCENTRATION COEFFICIENT 
X Y Z K 

ll1 -298 0 8.1l 2.5 
415 -163 0 15.S!. 4.8 
450 0 0 8.40 2.6 

-450 0 3l 5.29 1.6 
-450 0 67 .80 .2~ 

-450 0 133 .21 .83E-Ol 
-450 0 200 .02 .1!1E-02 

415 163 0 1.40 .43 
ll1 298 0 .22 .68E-Ol 

-971 -l90 0 .64 .20 
IOl0 -199 0 1O.2l 3.1 

-1030 -199 33 2.04 .63 
*1030 -199 100 .15 .46E-01 
-10l0 -1'9 161 .02 .11E-02 
*1050 0 0 1.56 .48 
*1050 0 33 5.56 1.7 
*1050 0 67 4.81 1.5 .... 

V1 
*1050 0 133 .99 .31 .... 
*1050 0 200 .24 .75E-Ol 

1030 1.9 0 2.l7 .73 
*lOlO 199 II .22 .67E-01 
-lOl0 199 100 .16 .50E-01 
-1030 1.9 161 .23 .71E-Ol 

*971 390 0 .01 .21E-Ol 
2010 -l98 0 1.2l .38 
2040 -210 0 6.89 2.1 
2050 0 0 9.22 4!.8 

*2050 0 50 3.10 .9!) 
*2050 0 100 1.66 .51 
*2050 0 200 .19 .57£-01 
*2050 0 300 .01 .10E-02 

2040 210 0 6.24 1.9 
2010 398 0 .84 .26 
3426 -399 0 1.41 .45 
3444 -210 0 5.51 1.7 
3450 0 0 1.52 2.3 

*3450 0 67 .89 .27 
*3450 0 200 .01 Table 10-21 .21E-Ol 
*3450 0 300 .09 .27E-Ol 
*3450 0 400 .01 .20E-Ol 
344. 210 0 5.83 1.8 
3426 399 0 2.40 .74 
5044 -232 0 ... 68 1.4 
5050 0 0 5.1l 1.8 
5050 0 67 1.3l .41 
5050 0 200 .04 .13E-01 
5050 0 300 .02 .5.E·02 
5050 0 400 .00 .12E-02 
5044 232 0 •• 84 I.!> 
6650 0 0 4.51 1.4 



RUN NUMAER 203 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CO~FIGWRATION HIGH SCALE 1-200 
DIKE MATERIAL CONC~ETE SOIL GHID TYPE 4 
TIME EQUIVALENT 120 210 SEC wINO SPEED 1.16 FT/S 
WINO DIRECTION 0 STRATIFICA lION o C 
WIND SPEE.D 16.4 FT/S Rt.LEASE GAS 40.6 ~W 
STRA TIFICATION NEUTHAL RELEASE GAS TE~p. ~2 C 
BOIL OFF folATE 420 LBM/StEC FLOW RA TE .43 CFM 

SAMPLE POSITION (FT) PE.R CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

267 -298 0 6.24 J.3 
365 -163 0 3.57 1.9 
400 0 0 .89 .41 
365 163 0 2.49 1.3 
267 298 0 2.71 1.4 
921 -390 0 1.46 .76 
980 -199 0 1.01 .56 

1000 0 0 .38 .20 
980 199 0 .44 .23 
921 3.0 0 1.01 .53 .... 

(,n 

1960 -398 0 .72 .38 (,n 

1990 -200 0 .38 .20 
2000 0 0 .27 .14 
1990 200 0 .21 .14 
1960 398 0 .27 .14 
2000 0 11 .21: .11 
2000 0 33 .06 .31E-01 
2000 0 61 0.00 o. 
2000 0 133 .04 .22E-01 
2000 0 200 .01 .74E-02 
3376 -399 0 0.00 o. 
3394 -200 0 .1 J .61f-Ol 
3400 0 0 0.00 o. 
3394 200 0 .22 .12 
3376 3.9 0 .14 .13£-01 
4984 -400 0 .09 .'t91:.-01 
4996 -200 0 .11 .58E-01 
5000 0 0 .06 .31E-01 
4996 200 0 .13 .67E-Ol 
4984 .. ao 0 .13 .70E-01 
6600 0 0 .12 .64E-01 

0 0 0 0.00 O. 

Table 10-22 



RUN NU~8ER 303 

PkOTOTYPE CONDITION~ ~ODEL CONDITIO~5 

DIKE CO~FIr,URATION HI6H SCALE 1-200 
DIKE MATEIOIIAL CONCRETE SOIL GfHD TYPE 4 
TIME EQlJ I vALfNT 120 e70 SEC WINO SPEEO 1.a2 FT/S 
wIND DIRECTION 0 51 RAT InCA nON o C 
wIND SPEED 2J.O FT/S Ht:LEASE GA~ 40.6 MW 
5TRA TIF ICAT ION fl4EUTRAL Ht:LEASE GA~ TEMP. ~2 C 
BOIL OFF ~ATE 420 LSM/SEC FLOW RATE .43 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCEfI4TRATION COfFFICIENT 
X Y Z K 

267 -298 0 .11 .85E-01 
365 -163 0 2.91 2.3 
400 0 0 1.13 .81 
365 163 0 1.39 1.1 
261 298 0 .16 .12 
921 -390 0 .35 .21 
980 -199 0 .92 .10 

1000 0 0 .50 .38 
980 199 0 .~O .3~ 
~21 390 0 .15 .12 ..... 

U1 
1960 -3'8 0 .44 .33 '" 1990 -280 0 .36 .28 
2000 0 0 .24 .18 
1990 210 0 .24 .19 
1960 398 0 .31 .24 
2000 0 17 .19 .14 
2000 0 33 .14 .11 
2000 0 61 .12 .89E-01 
2000 0 133 .08 .64E-01 
2000 0 200 .04 .32E-Ol 
3376 -3.9 0 .23 .18 
3394 -290 0 .19 .14 
3400 0 0 .15 .11 
3394 200 0 .11 .13 
3376 399 0 .08 .60E"'01 
4984 -4QO 0 .0tS .60E-Ol 
4996 -200 0 .1Q .76E-Ol 
SOOO 0 0 .07 .52E-Ol 
49~6 200 0 .01 .52E-01 
4984 410 0 .03 .24E-01 
6600 0 0 .05 .36E-01 

0 0 0 0.00 O. 

Tahle lO-2.~ 



IoIUN NU,",SER j03C 

P~OTOTYPE CON~ITIO~S ,..OOt.L CONDITIONS 

DIKE CO~FIGU~ATIO~ HIGH SCALE l-e:!OO 
OItc'E MATERIAL CO"'C~ETE SOIL GHID TYPE 6 
TI""e- EQUIvALE ... T 120 270 SEC wINO SPEED l.b2 FT/S 
WIND DIRECTION 0 STwATIFICATIO~ o C 
WINO SPEED 23.0 FT/S Hf.Lt:..ASE uAS Ib.O fl4W 
STRATIFICATION NEUTRAL RlLEASE GAS TeMP. -lbO C 
90IL OFF RA TF.: -\ZO LBM/SEC fLOW wATE .43 CFM 

SAMPLE POSITION (~T) PER CENT METHANE CONCENTRATION COtFFICIENT 
)C Y 1 K 

317 -29A 0 13.03 10.0 
415 -163 0 8.78 b.l 
450 0 0 3.42 l.b 

*450 0 33 1.85 1.4 
*450 0 67 1.23 .94 
*450 0 133 .39 .30 
*450 0 200 .02 .17t-Ol 

415 163 n 1.50 1.1 
317 298 n .31 .Z4 

*971 -390 0 3.67 e:!.8 
1030 -199 0 2.58 e:!.0 

*1030 -199 33 1.94 1.~ 
*1030 -199 100 .10 .191:.-01 
*1030 -199 167 .03 .25E-Ol 
*1050 0 0 1.39 1.1 
*1050 0 33 .90 .6~ 
*1050 0 67 .73 .56 .... 
*1050 0 133 .25 • 19 VI 

*1050 0 200 .03 .241::.-01 ....a 

1030 199 0 .92 .70 
*1030 199 33 .26 .20 
*1030 199 100 .06 .4dl:.-Ol 
*1030 199 167 .01 .71l-0Z 

*971 390 0 .25 .19 
2010 -398 0 1.60 I.e:! 
2040 -200 0 1.46 1.1 
lOI)O 0 0 .91 .70 

*2050 0 ':)0 .11 .55 
*2050 0 100 .41 .31 
*2050 0 200 .Ott .58t-Ol 
*2050 0 300 .00 .2lE-02 

2040 200 0 .7'.1 .60 
2010 398 0 .l~ .94t-Ol 
3426 -399 0 1.2!:> .96 
3-\44 -200 0 .1i!. .55 
3450 0 0 1.00 .76 

*3450 0 67 .60 .46 
*3450 0 200 .09 .6~t-01 
*3450 0 300 .01 .80t-02 
*3450 0 400 .OU .22t-02 

344. 200 0 .31 .24 
342#. 399 0 .It> .12 
5044 -232 0 .61 .46 
5050 0 0 .69 .53 
5050 0 67 .47 .36 
5050 0 2QO .O~ .6bE-UI 
501)0 0 300 .Oc .15t-Ul 
5050 0 .. 00 .01 .40[-02 
5/)44 232 0 .1~ .14 
b61)0 0 0 .4~ .35 

Table 10-24 



RUN NUMBER 23 

PROTOTYPE ceNOITION~ MODEL CONDITIONS 

DIKE CO~FIGURATION HIGH SCALE l-~OO 

DIKE MATERIAL CONCRETE SOIL GRID TYPE 9 
TIME EQUIVALENT 120 270 SEC ~IND SPEED .71 FT/S 
WINO DIRECTION 0 STRATIFICATION 23 C 
WINO SPEED 9.t:t FT/S Rt.LEASE GAS 40.b ..,'" 
STRA TIF ICATION STAHLE RELEASE GAS TEMP. 22 C 
BOIL OFF RA TI::. 420 LBM/SEC FLOW RATE .43 CFM 

SAMPLE POSITION (FT) PER CENT "'EThANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 3.bO .74 
415 -163 0 &.&6 1.4 
450 0 0 15.16 3.1 
415 163 0 17.44 3.6 
317 298 0 10.66 2.2 
971 -3'0 0 .49 .10 

1030 -199 0 .34 .70[-01 
1050 0 0 .31 .64E-Ol 
1030 199 0 .30 .b2E-01 

971 3.0 0 .46 .94E-Ol ..... 
U1 

2010 -398 0 .01 .14E-O 1 00 

2040 -280 0 .04 .90E-02 
2050 0 0 .06 .12E-Ol 
2040 200 0 .08 .16E-Ol 
2010 398 0 .11 .22[-01 
2050 0 17 .11 .23E-01 
2050 0 33 .30 .62E-Ol 
2050 0 67 .41 .85E-Ol 
2050 0 133 .15 .31E-Ol 
2050 0 200 .01 .14E-Ol 
3426 -399 0 .04 .90E-02 
3444 -200 0 .09 .18E-Ol 
3450 0 0 .13 .26E-Ol 
3444 200 0 .13 .21E-01 
3426 399 0 .05 .11E-Ol 
5034 -480 0 .05 .10E-Ol 
5046 -280 0 .06 .12E-Ol 
5050 0 0 .04 .90E-02 
5046 290 0 .07 .15E-Ol 
5034 490 0 .10 .20E-Ol 
6650 0 0 .01 .14E-Ol 

0 0 0 0.00 o. 

Table 10-25 



~UN NUMBER ?3C 

PROTOTYPE CONOITIONS 

OIKE CO~FIGURATION 
DIKE MATERIAL CONCRETt:. 
TIME EQUIVALENT 120 
IIIIIND OH<ECTION 
WINO StlEEO 
STHATIFICATION 
ROIL OFf RATF 

SAMPL~ POSITION (FT) 
X y Z 

317 -t!9A 0 
41S -163 0 
450 0 0 
415 163 0 
317 298 0 

1030 -19q Q 
1030 199 0 
2010 -39A 0 
2040 -200 0 
2050 0 0 
2040 200 0 
2010 398 0 
3426 -399 0 
3444 -200 0 
3450 0 0 
3444 200 0 
3426 399 () 

~044 -232 0 
5050 0 0 
5050 0 67 
5050 0 ?OO 
5050 0 300 
50'50 0 400 
5044 232 0 
6650 0 (; 

t-llGH 
SOIL 

270 SEC 
0 

':I.d FT/S 
"TA"iLt. 

'+20 LHM/~t. C 

~tR CtNT Mtr"~Nt 

1.0.16 
lti.dl 
20.86 
lc.20 

,+.'::ll 
"'.5~ 
9.7J 
1.01 
:'.'-<":1 

lI.tll) 
11.2d 
3.1 I 
l.lc. 
£:1.43 
4.~" 
4.61 
3.17 
2.2b 
2.b3 
1.5S 

.08 
• 11 
.01 

J.lt't 
t!.'::l4 

Table 10-26 

II'IODEL tONOITIONS 

S~ALf 
bt<IU TYfll:, 
Nl~u S...,t:.t.L> 
,:)ltJ~Tlf-lCATION 
~t.Lr:A5E GAS 
Ht:.L~A~t. GAS T~~P. 
rLO~ I'iATt:. 

lUNCfNT~ATION COtr~ICltNT 
K: 

4.c 
J.Il 
4.3 
t::.=> 
.94 
1.3 
t!.O 
.34 
.1.2 
~.4 
t!.3 
.6!:> 
.23 
.50 

1.00 
.90 
.6!:> .4·' .S4 
.32 
.101::.-01 
.2Jf.-Ol 
.tt:St-02 
.66 
.=.." 

I-t!OO 
10 

• 11 f TIS 
c.5 C 

10.0 Mw 
-J.60 C 

.43 eFN 

..... 
(Jl 
1,0 



RUN NUMBER 223 

PROTOTYPE CeNDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION I-IIGH SCALE l"~OO 

DIKE MATERIAL CONCRETE SOIL GHIO TYPE 9 
TIME EQUIVALE.NT 120 l10 SEC WINO SPEED 1.16 FT/S 
WINO DIRECTION 0 STRATIFlCA nON ~4 C 
WINO SPEE9 16.4 fT/S RELEASE GAS 40.6 MW 
STRATIF ICATION STAHLE RELEASE GAS TEMP. l2 C 
BOIL OFF RATE 420 LBM/SEC FLOW RATE .4) CFM 

SAMPLE POSITION (FT) PER CENT METHANf CONCENTRATION COEFfICIENT 
X Y Z K 

317 -2et8 0 6.25 2.1 
415 -163 0 1.31 2.5 
450 0 0 12.88 4.3 
415 163 0 15.62 !).3 
317 298 0 15.09 S.l 
971 -390 0 .22 .14E-Ol 

1030 -199 0 .25 .85E-Ol 
1050 0 0 .30 .10 
1030 199 0 .44 .15 

971 3'10 0 .66 .22 ..... 
2010 -39f4 0 .12 .39£-01 

0-
0 

2040 -200 0 .11 .39E-Ol 
2050 0 0 .14 .48E-01 
2040 200 0 .15 .50E-01 
2010 398 0 .2Q .68E-01 
2050 0 17 .18 .61E-Ol 
2050 0 33 .48 .16 
2050 0 61 .41 .16 
2050 0 133 .13 .44E-01 
2050 0 200 .06 .19E-01 
3426 -399 0 .09 .31E-Ol 
3444 -280 0 .22 .13E-01 
3450 0 0 .23 .18E-Ol 
3444 280 0 .26 .89f.-01 
3426 399 0 .12 .40E-Ol 
5034 -4QO 0 .04 .13E-Ol 
5046 -200 0 .06 .20E-01 
5050 0 0 .04 .13E-01 
5046 2f10 0 .12 .39E-01 
5034 480 0 .08 .28E-Ol 
6650 0 0 .01 .41E-02 

0 0 0 0.00 o. 

Table 10-27 



RUN NU~BER 323 

PROTOTYPE CONDITIONS ~ODEL CONDITIONS 

DIKE CONFIGURATION HIGH SCALE 1-200 
DIKE ~ATERIAL CONCRETE SOIL GRID TYPE 9 
TIME EQUIVALENT 120 270 SEC wiND SPEED 1.62 FTIS 
WIND DIRECTION 0 STRA TIFICA T ION 24 C 
WIND SPEED 2J.0 FTIS RELEASE GAS 40.6 MW 
STRA TIF ICATION S1A~LE HtLEASE GAS TEMP. 22 C 
ROIL OFF ~ATE 420 LBM/St.C FLOW RATE .43 CFI'4 

SA~PLE POSITION (FT) PEP CE.NT ME1HANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 9.14 4.6 
415 -163 0 14.49 6.8 
450 0 0 12.3l ~.8 

415 163 0 11.16 ~.~ 

317 298 0 13.30 6.J 
971 -390 0 .24 .12 

1030 -199 0 .32 .1~ 

1050 a 0 .36 .17 
1030 199 0 .41 .20 

971 390 0 .41 .22 ...... 

2010 -3oj8 0 .15 .12E-01 ~ 
2040 -290 0 .1~ .6"1E-Ol 
2050 0 0 .11 .1'1E-Ol 
2040 200 0 .20 .l:IbE.-Ol 
2010 398 0 .26 .12 
2050 0 17 .22 .10 
2050 0 33 .3ij .18 
2050 0 67 .28 .13 
2050 0 133 .08 .3HE-Ol 
20';0 0 200 .02 .I1E-Ol 
3426 -399 0 .1et .45E-Ol 
3444 -200 0 .11 .79E.-01 
3450 0 0 .19 .Q1E-01 
3444 200 0 .2~ .12 
3426 399 0 .01 .33£-01 
5034 -490 0 .09 .40£-01 
5046 -200 0 .10 .47£-01 
5050 0 0 .09 .42£-01 
5046 200 0 .17 .81E-Ol 
5034 400 0 .19 .8I:1E-Ol 
6650 0 0 .04 .18E-Ol 

0 0 0 0.00 o. 

Table 10-28 



RUN NUMBER ]23C 

PROTOTYPE CONOITION~ ~OOEl CONDITIONS 

DIKE CONFIGURATION HIGH SCALE 1-200 
OII<.E MATERIAL CONCRETl SOIL 6HID TYPE 10 
TIME EQUIVALENT 120 270 SEC wINO SPEED l.b2 FT/S 
WINO DIHECTlON 0 STRATIFICATION 2b C 
"'INn SPEED 23.0 FT/S Rt.LEASE GAS 16.0 ~w 
STRATIF ICATION STABLE RelEASE GAS TEMP. -160 C 
BOIL OFF RATE 420 lBM/SEC FLOW RATE .4] CFM 

SAMPLE POSITION (FTI PlR CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z I< 

317 -2'8 0 13.19 6.2 
US -163 0 5.59 2.6 
450 0 0 10.2Q 4.8 
415 163 0 15.7Z 7.4 
317 2CJ8 0 16.18 1.6 

1030 -lCJ9 0 5.31 l.!;; 
1030 199 0 12.3Z !j.8 
2010 -3CJB 0 1.48 .10 
2040 -280 0 1.52 .71 
2050 0 0 2.98 1.4 ...... 

2040 280 0 9.11 4.3 
(J\ 
N 

2010 398 0 4.21 2.0 
3426 -399 0 .91 .43 
3444 -2'0 0 1.011 .51 
34S0 0 0 1.40 .66 
3444 280 0 4.11 1.9 
3426 3.9 0 3.37 1.6 
5044 -232 0 .14 .3!:> 
5050 0 0 1.98 .93 
5050 0 67 .62 .29 
5050 0 200 .03 .1bE-01 
5050 0 300 .00 .66E-03 
5050 0 400 .OU .40E-03 
5044 232 0 2.89 1.4 
6650 0 0 .79 .31 

Table 10-29 



RUN NuMBER 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION HIGH SCALE 1-200 
DIKE MATERIAL SOIL GHID TYPE 2 
TIME EQUIVALENT 1000 SEC WIND SPEED .71 FT/S 
WINO DIRECTlON 0 STRATIFICATION o C 
wIND SPEED 9.8 FT/S Rt:.LEASE GAS 40.6 MIiI/ 
STRATIFICATION NEUTRAL Rt:.LEASE GAS TEMP. 22 C 
BOIL OFF RATE 160 LBM/SEC FLOIiII RATE .16 CFM 

SAMPLE P6SITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z t< 

187 -234 0 1.74 1.4 
270 -130 0 2.3' 2.0 
300 0 0 .36 .30 
270 130 0 2.63 2.2 
187 234 0 .68 .56 
702 -384 0 .15 .12 
775 -198 0 .49 .40 
ROO 0 0 .42 • .35 
775 198 0 .41 .33 
702 384 0 • 13 .10 ..... 

C)\ 

1343 -395 0 .14 .12 v. 

1386 -200 0 .20 .17 
1400 0 0 .32 .26 
1386 200 0 .16 .13 
1343 395 0 .09 .78E-01 
2367 -398 0 .09 .78E-01 
2392 -280 0 .20 .16 
2400 0 0 .17 .14 
2392 200 0 .03 .26£-01 
2367 398 0 .11 .89E-01 
3578 -399 " .13 .11 
3594 -200 0 .17 .14 
3600 0 0 .14 .12 
3594 200 0 .13 .11 
3578 399 0 .11 .94E-01 
49A4 -400 0 .08 .68E-01 
499b -200 0 .13 .11 
5000 0 0 .09 .78E-01 
4996 2110 0 .09 .78E-01 
49A4 400 0 .1U .84E-01 
6000 0 0 .11 .94E-01 

0 0 0 0.00 o. 

Table 10-30 



RUN NUMBER 411 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGUR_TION HIGH SCALE 1-200 
DIKE: ~ATERIAL SOIL GHIO TYPE 5 
TI~E EQliIVALENT 1000 SEC WINO SPEED .71 FT/S 
WINO DlkECTlON 0 STRATIFICATION o C 
WINO SPEED 9.1:S FTIS RELEASE GAS 40.6 MW 
STRATIFICA TION NEUTRAL RtLEASE GAS TEMP. 22 C 
BOIL OFF fUTE 160 LBM/SEC FLOW RATE .16 CFM 

SAMPLE POSITION (FT) PER CENl METHANE CONCENTRATION COEFFICIENT 
X Y I K 

450 0 0 .31 .26 
450 0 17 .23 .19 
450 0 33 .06 .41E-01 
450 0 67 .05 .38E-Ol 
450 0 133 .04 .33£-01 
450 0 200 .03 .23E-Ol 

1023 -232 0 .12 .10 
1023 -232 33 .09 .75E-01 
1023 -232 100 .05 .38E-Ol 
1023 -232 161 .04 .33E-01 ..... 
1050 0 0 .26 .22 

(J\ .,. 
1050 0 11 .15 .13 
1050 0 33 .08 .66E-01 
1050 0 61 .06 .52E-Ol 
1050 0 133 .03 .23E-Ol 
1050 0 200 .02 .14E-Ol 
1023 232 0 .14 .12 
1023 232 33 .13 .11 
1023 232 100 .18 .15 
1023 232 161 .03 .23E-Ol 
2050 0 0 .11 .94£-01 
3450 0 0 .09 .70E-Ol 
3450 0 61 .06 .47E-Ol 
3450 0 200 .05 .42E-Ol 
3450 0 300 .lel .85E-Ol 
3450 0 400 .01 .94E-02 
5050 0 0 .01 .56E-Ol 
5050 0 67 .03 .28E-Ol 
5050 0 200 .02 .19E. -01 
50')0 0 300 .01 .47E-02 
5050 a 400 0.00 O. 
6650 0 0 .03 .23E-01 

Table 10-31 



RUN NU~BER 4A 

PROTOTYPE CONOITION~ MODEL CONDITIONS 

DIKE CONFIGUPATION t-! li~H SCALf 1-~OO 
DIKE MATERIAL ~OIL f.iHliJ TYPC: 1 
TIME EQuIVALENT 101)0 SE.C vll1l1.10 SJJEtO ./1 FT/S 
WINO DIRECTION 0 STkATIFICATION o C 
WI~O SPEED t.J.d fT/S Ht.LEASt=. GAS 40.6 lI4W 
STRATIFICATION NfUTHAL Ht:.Lt.AS£ GA5 TEMP. ~2 C 
ROIL OFF RATE' If,() L8M/SEC fLOW wATt: .16 CF~ 

SAMPLE. POSITION (FT) PE~ CENT ~ETHANE CO~CfNTHATION COt.FfIClt.NT 
X Y Z K 

165 -230 0 6.14 ~.1 
252 -130 0 2.10 ~.l 
2~3 0 n 1.14 .~4 
252 130 0 c.66 ~.l 
165 230 () 4.~O 4.0 
490 -373 0 3.41 ~.H 
'584 -197 0 1.~.;I 1.3 
617 0 0 5.8"1 4.9 
SR4 197 0 4.b4 3.8 
490 373 U .2~ .el 

1134 -393 0 1.30 1.1 
1183 -199 0 .55 .'t~ 

1200 0 0 .2~ .21 
1183 199 0 .5:' .4:> 
1134 393 0 .41:5 .3"1 
2569 -399 0 .36 • .jV 
25..,.2 -200 0 .13 .11 ..... 
2600 0 0 .13 • 11 0\ 

2592 200 0 .13 .11 VI 

2569 39C} 0 • I.e:: .~tjt:.-ol 
3913 -399 () .10 .1~t.-{)1 
3928 -200 0 .0.; .7Il-01 
3933 0 {) .10 • .,«::If.-01 
3928 200 () u.llU i) • 

3913 399 0 U.UU Il. 

5235 -400 () 0.0(; u. 
5246 -200 U o.ue v. 
5250 0 (j 0.00 Ij. 

5246 2uO 0 O.Ou () . 
5235 400 () 0.00 o. 

0 0 0 0.00 I) • 

0 0 0 0.00 o. 

Table 10-32 



RUN NUM8ER 4C 

PROTOTYPE CONDITIONS MODEL COIliO IT IONS 

DIKE CO~FI6WRATION HIGH SCALE 1-200 
DIKE t.4ATERIAL SOIL SHIO TYPE 6 
TIME EQUIVALENT 1000 SEC wllllO SPEED .71 FTIS 
WIND DIRECTION 0 STRATIFICATION 4 C 
WINO SPEED 9.1:1 FTIS Flt.LEASE GAS 16.0 MW 
STRATIFICATION NEUTRAL Rt.LEASE GAS TEMP. -146 C 
BOIL OFF RATE 160 LBM/SEC FLOW RATE .16 CFM 

SAMPLE POSITION 1FT) PER CENT METHANE CONCENTRATION COEFFICIEIliT 
X Y Z K 

317 -298 0 b.6b !:I.S 
415 -163 0 6.76 !:I.6 
450 0 0 2.92 i:!.4 

*450 0 33 1.29 1.1 
*450 0 67 .21 .17 
*450 0 133 .04 .3SE-01 
*450 0 200 .03 .24E-01 

415 163 0 1.71 1.4 
317 298 0 .38 .31 

*971 -3'0 0 3.62 J.O 
1030 -199 0 3.29 2.1 

*1030 -199 33 2.10 1.1 
*1030 -199 100 .01 .12E-Ol 
*1030 -199 167 .0. .3!:1E-01 
*1050 0 0 .94 .77 
*1050 0 33 1.48 1.i:! 
*1050 0 67 .48 .39 0: 
*1050 0 133 .04 .32E-Ol '" 
*1050 0 200 .03 .23E-01 

1030 199 0 .47 .39 
*1030 199 33 .14 .11 
*1030 199 100 .04 .37E-Ol 
*1030 199 167 .01 .59E-02 

*971 390 0 .08 .64E-01 
2010 -H8 0 1.62 1.3 
2040 -200 0 2.07 1.1 
2050 0 0 .68 .56 

*2050 0 50 .33 .28 
*2050 0 100 .06 .51E-01 
*2050 0 200 .02 .15E-Ol 
*2050 0 300 .00 .24E-02 

2040 200 0 .41 .34 
2010 398 0 .08 .b8E-01 
3426 -399 0 1.91'.1 1.6 
3444 -210 0 1.08 .'10 
3450 0 0 1.15 .95 

*3450 0 67 .11 .88E-Ol 
*3450 0 200 .01 Tahle 10-33 .43E-02 
*3450 0 300 .01 .73[-02 
*3450 0 400 .02 .14E-01 

3444 280 0 .3} .21'.1 
3426 399 0 .08 .70E-Ol 
5044 -232 0 .97 .72 
5050 0 0 1.01 .83 
5050 0 67 .16 .13 
5050 0 200 .01 .78E-02 
5050 0 300 .02 .1~E-01 

S050 0 400 .Ot • ·HE -02 
5044 232 0 .24 .20 
6650 0 0 .72 .59 



RUN NU~aER 204 

PROTOTYPE CO~DITION~ 

DIKE CONFIGURATION 
DIKE MATERIAL 
TIME EQUIVALENT 
WINO DIRECTIOr-.. 
WIND SPEED 
STPATIFICATION 
ROIL OFF RATE 

SAMPLE POSITION (FT) 
X Y Z 

267 -298 0 
365 -163 0 
400 0 0 
365 163 0 
267 298 0 
921 -390 0 
980 -199 0 

1000 0 0 
9130 199 0 
921 390 0 

1960 -398 0 
1990 -200 0 
2000 0 0 
1990 200 0 
1960 39tJ 0 
2000 0 11 
2000 0 33 
2000 0 61 
2000 0 133 
2000 0 200 
3376 -399 0 
3394 -200 0 
3400 0 0 
3394 200 0 
3376 399 0 
4984 -400 0 
4996 -200 0 
5000 0 0 
4996 200 0 
4984 400 0 
6600 0 0 
000 

HIGH 
SOIL 
1000 SEC 

o 
16.4 FT/S 

NEUTRAL 
160 lBM/SEC 

PER CENT METHAN~ 

.01 
2.2d 

.68 

.63 

.07 

.0 .. 

.57 

.23 

.1t> 

.1 7 

.15 

.16 

.11 

.07 

.Ot; 

.01 

.05 

.OJ 

.01 

.02 

.10 

.Ob 

.04 

.04 

.02 

.01 

.06 

.02 

.02 

.02 

.03 
0.00 

Table 10-34 

MODt:.l CONOITIONS 

SCALE 
GHID TYPt: 
WINO Sfo'E:.t:tl 
STRATIfICATION 
~I:.Lt:.ASt: bAS 
Htlt:.ASt GAS TtMP. 
fLOw ~ATE 

CONCENTRATION COtFFICIE~T 
r< 

.1~E:.-Ol 
3.~ 
."#f'> 
.88 
.'7"1t:.-0 1 
.60t-Ol 
.81 
.33 
.23 
.24 
.2l 
.23 
.1 ~ 
.10 
.11 
.10 
.7!:)I:.-Ol 
.31t-Ol 
.1 ~t'. -0 1 
.~ct:.-Ol 
.13 
.9U~-01 
.bO£.-ol 
.52t:.-Ol 
.30f-Ul 
.l~£'-Ol 
.t4lf.-Ol 
.30t-Ol 
.30t-Ol 
.30E-Ol 
.37f-Ol 

O. 

1-~00 
4 

1.16 FTIS 
o C 

40.6 ~~ 
22 C 

.16 Cf"~ 

.... 
(J\ 
....... 



RUN NUMBE.R 304 

PROTOTYPE CONDITIONS ~ODEL CONDITIONS 

DIKE CONFIGUHATION HIGH SC~LE 1-200 
DIKE MATERIAL SOIL GHID TYPE 4 
TIME EQUIVALENT 1000 SEC WIND SPEED 1.62 FT/S 
wIND DIRECTION 0 STRATIFICATION o C 
WIND SPEED 23.0 FT/S RELEASE GAS 40.6 MW 
STRATIFICATION NEUTRAL RELEASE GAS TEMP. 22 C 
80Il OFF RATE 1M LBM/SEC FLOW RATE .16 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
)( Y Z K 

267 -298 0 .01 .22E-Ol 
365 -163 0 1.39 2.9 
400 0 0 .61 1.2 
365 163 0 .30 .75 
267 2~8 0 .09 .18 
921 -3CJO 0 .01 .1lE-Ql 
980 -199 0 .30 .62 

1000 0 0 .18 .38 
9AO 199 0 .Hi .38 
921 390 0 .02 .'+3E-Ol ..... 

0\ 
19ftO -398 0 .05 .11 00 

1990 -200 0 .12 .25 
2000 0 0 .09 .19 
1990 200 0 .10 .21 
1960 398 0 .09 .18 
2000 0 17 .08 .17 
2000 0 33 .06 .13 
2000 0 67 .06 .12 
2000 0 133 .05 .97E-Ol 
2000 0 200 .01 .22E-Ol 
3376 -3CJ9 0 .06 .12 
3394 -280 0 .05 .11 
3400 0 0 .05 .91E-01 
339,+ 200 0 .06 .12 
3376 399 0 .03 .5'+E-Ol 
'+9~4 -400 0 .01 .22E-Ol 
4996 -200 0 .03 .54E-Ol 
5000 0 0 .01 .22[-01 
4996 200 0 .01 .22f-Ol 
4984 490 0 .02 .32f-Ol 
6600 0 0 .02 .32E-01 

0 0 0 0.00 o. 

Table 10-35 



RUN NUMRER 304V 

PROTOTYPE CONDITIONS 

DIKE CONFIGUPATION 
DIKE ~ATE~IAL 
TIME EQUIVALENT 
WINO DIRECTIO~ 
WIND SPEED 
STRATIFICATION 
ROIL OFF RATE 

SAMPLE POSITTO~ (FT) 
X Y Z 

450 0 0 
4~O 0 17 
450 0 33 
450 0 07 
450 0 133 
450 0 200 

1023 -232 (J 

1023 -232 33 
1023 -232 100 
1023 -232 IF,7 
1050 () 0 
1050 0 11 
1050 0 33 
1050 0 07 
1050 0 133 
10'50 0 200 
1023 232 () 

1023 232 33 
1023 232 lOu 
1023 232 167 
2050 0 U 
3450 0 0 
3450 0 61 
3450 0 200 
3450 0 300 
3450 0 400 
5050 0 I.i 
5050 0 07 
5050 0 200 
5050 0 300 
5050 0 400 
6650 0 0 

hIGH 
SUIL 
1000 SEC 

o 
23.0 fT/S 

NEuTRtlL 
leu L8rAI$EC 

PEP CENT MET~ANE 

.lJb 

.00 

.02 

.IJ3 

.03 
lJ.uu 

.05 
• v·3 
.01 
• U 1 .Ul 
.02 
.01 
.02 
.01 
.01 
.04 
.04-
.15 
• c: 1 
.02 
.02 
.O~ 
.01 
.02 

I.J .1) 0 
.iJ2 
.00 
.00 
.o\) 
.01 

U.OlJ 

Table 10-36 

MOOtL CONDITIONS 

S(;t.LE. 
bHIJ TY~t. 
Wll\lu SPttO 
~TRATIFICATI0N 
ilot.LtASa:: bAS 
RtL~ASt hAS TEMP. 
t-LOvv ~ATt-. 

CONCfNTHATIO~ COEFfICItNT 
K 

.12 

.12 

.3!)t.-Ol 

.!:)3E-Ul 

.S!:)f.-Ol 
0. 

.9!:)t-Ol 

.!)lE.-Ol 

.1'1E-Ol 

.1~f-Ol 

.20t-Ol 

..... ijt-Ol 

.14E-O} 

.31E-O} 

.11t:-O} 

.14E.-O} 

.12t--Ol 

.ljlf:-Ul 

.3t 

.14t.-U 1 

.4dt-Ol 

.34E-OI 

.J~E-Ol 

.~6t-Ol 

.40t--Ol 
o. 
.3 .. H'".-OI 
• ~jt -O~ 
.93t-02 
.'f./t-Ot:: 
.t!7t-Ol 

o. 

I-t::OO 
~ 

l.b2 FT/S 
o C 

40.6 MW 
t::2 C 

.16 CFM 

.... 
a
ID 



RUN NUMBER 304C 

PAOTOTYPf CONDITIONS MODEL CONO IT IONS 

OI~E CONFIGURATION HIGH SCALE 1-200 
DIKE MATEIiIIAL SOIL 6HIO TYPE 6 
TIME EQUI¥ALENT 1000 SEC WiNO SPEED 1.62 FT/5 
WINO DIRECTION 0 51PATIFICATION 2 C 
IIIINO SPEED 23.0 FT/S Qt.LEAS£ GAS It1.0 Mill 
STRATIFICAnON NEUTHAL Rt.LEAS£ GAS TEMP. -141 C 
80lL OFF RATE 160 L8M/SEC FLOW RATE .16 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 3.01 6.2 
415 -163 0 3.10 6.4 
450 0 0 .32 .66 

*"50 0 33 • !ita 1.2 
*450 0 61 .20 .41 
*"50 0 133 .03 • 71E-01 
*450 0 200 .01 .11E-Ol 

415 163 0 .3. .77 
311 Zge 0 .12 .24 

*971 -390 0 1.31 2.7 
1030 -199 0 .15 1.5 

*U30 -199 33 .32 .65 
*U30 -199 100 .01 .23£-01 
*1030 -199 161 .01 .19E-Ol 
*U50 0 0 .34 .71 
*1050 0 33 .19 .40 
*1050 0 61 .11 .24 ..... 
*1050 0 133 .03 .63£-01 0 

*1050 0 200 .01 .11E-Ol 
1030 199 0 .13 .21 

*1030 199 33 .01 .15 
*1030 199 100 .01 .llE.-Ol 
*1030 199 161 0.00 O • 

*971 390 0 • 11 .35 
20U -393 0 .70 1.4 
2040 -280 0 .46 .95 
Z050 0 0 .16 .33 

*Z050 0 50 .15 .30 
*Z050 0 100 .05 .11 
*Z050 0 200 .OJ: .14E-Ol 
*Z050 0 300 .00 .86E-03 

Z040 280 0 .09 .18 
2010 ne 0 .04 .71E-Ol 
3"26 -399 0 .44 .91 
3444 -ltO 0 .23 .48 
3"50 0 0 .13 .27 

*3450 0 61 .10 .21 
*3450 0 200 .OJ Table 10-37 .15E-Ol 
-3450 0 300 .00 .11E-02 
*3"50 0 400 .00 .97E-03 

34"4 lID 0 .06 .13 
3426 399 0 .04 .90E-01 
50"4 -232 0 .18 .31 
5050 0 0 .11 .. 23 
5050 0 61 .OS .11 
SOSO 0 lOO .OJ: .2iE-Ol 
5050 0 300 0.00 o. 
5050 0 400 .01 • 15E-01 
5044 l32 0 .os .10 
6650 0 0 .oa .. 16 



RUN NUMBER 24 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION HIGH SCALE 1-200 
DIKE MATERIAL SOIL GHID TYPE 9 
TIME EQUIVALENT 1000 SEC WINO Sfo'EED .11 FT/S 
WIND DIRECTION 0 STRATIFICATION c3 C 
WINO SPEED 9.tS FT/S Rt-lEASE GAS 40.6 MW 
STRATIF ICA lION STAtilE RELEASE GAS TEMP. 22 C 
BOIL OFF RATE l~O LBM/SEC FLOW RATE .16 CFM 

SA~PLE POSITION eFT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 .13 .73E-Ol 
415 -163 0 .18 .10 
450 0 0 .38 .21 
415 163 0 7.79 4.3 
317 298 0 7.40 4.1 
971 -390 0 .11 .58E.-Ol 

1030 -199 0 .06 .31E-Ol 
1050 0 0 .08 .43E.-0 1 
1030 199 0 .09 .49E-Ol 

971 3.0 0 .13 .73E-Ol .... 
2010 -3'8 0 .03 .15E-01 ~ 
2040 -280 0 .04 .22E-Ol 
2050 0 0 .04 .25E-Ol 
2040 210 0 .O§ .27E-O 1 
2010 398 0 .04 .20E-Ol 
2050 0 17 .05 .25E-Ol 
2050 0 33 .18 .5HE-Ol 
2050 0 67 .14 .80E-Ol 
2050 0 133 .04 .19E-Ol 
2050 0 200 0.00 O • 
3426 -3'9 0 • 01 .66E-02 
3444 -2'0 0 .03 .19E-Ol 
3450 0 0 .06 .31E-Ol 
3444 200 0 .06 .31E-Ol 
3426 399 0 .01 .63E-02 
5034 -400 0 .02 .10E-Ol 
5046 -200 0 .02 .10E-Ol 
5050 0 0 .03 .18E-Ol 
5046 200 0 .05 .25E-01 
5034 400 0 .04 .25E-01 
6650 0 0 .03 .18E-Ol 

0 0 0 0.00 O. 
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RUN NU~AER 24V 

PROTOTYPE CONDITIONS ~ODEL CONDITIONS 

DIKE CONFIG~RATION HIGH SCALE 1-~00 

DIKE MATERIAL SOIL GIHO TYPE C; 

TIME EQuIVALENT 1000 SEC WIND SPEED .11 FT IS 

WIND DIPECTION 0 STRATIFICATION 22 C 
WINO SPEED 9.8 FTIS RE.LEASE GAS 40.6 ,..w 
STRATIF ICATION SHIRE RE.LEASE GAS TEMP. 22 C 
ROIL OFF RATE 160 LBM/SEC FLOW RATE .16 CF'" 

SA,..PLE POSITION (FTl PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z I' 

450 0 0 5.67 3.1-
450 0 11 .18 .43 
450 0 33 .14 .17E-Ol 
450 0 61 .18 .10E+00 
450 0 133 .14 .19E-01 
450 0 200 .05 .30E-01 

1023 -232 0 .14 .BOf-Ol 
1023 -232 33 .21 .11 
1023 -232 100 .10 .53£-01 
1023 -232 161 .0" .22£-01 ...... 

--.] 

1050 0 0 .11 .92E-Ol N 

1050 0 11 .14 .80E-Ol 
1050 0 33 .16 .86£-01 
1050 0 67 .11 .63E-Ol 
1050 0 133 .11 .60f-01 
1050 0 200 .04 .23E-Ol 
1023 232 0 .13 .11E-O 1 
1023 232 33 .19 .11 
1023 232 100 .14 .75£-01 
1023 232 161 .03 .17E-01 
2050 0 0 .06 .35E-Ol 
3450 0 0 .OJ .18E-Ol 
3450 0 67 .O!) .26E-01 
3450 0 200 .02 .13E-01 
3450 0 300 .04 .21E-01 
3450 0 400 .01 .35E.-02 
5050 0 0 .01 .38E.-02 
5050 0 67 .00 .22E-02 
5050 0 200 .01 .79E-02 
5050 0 300 .01 .52E-02 
5050 0 400 .01 .6!:JE-02 
6650 0 0 0.00 o. 

Table 10-39 



RUN NU"IBER 21+C 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CO~FIGURATION HIGH SCALE 1-200 
DIKE "IATEAIAL SOIL GHID TYPE 10 
TIME EQUIULENT 1000 SEC wiND SPEED .11 FT/S 
WIND DIRECTION 0 STRATIFICA lION 25 C 
WINO SPEES 9.~ FT/S Rt.LEAS£ GAS 16.0 MW 
STRA TIF ICA TION STABLE ~ELEASf GAS TtMP. -137 C 
BOIL OFF RATE 160 LBM/SEC FLOW RATE .16 CFM 

SAMPLE P6SITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 13.56 1.5 
415 -163 0 14.54 8.1 
450 0 0 7.53 1+.2 
415 163 0 3.1~ 1.7 
317 2.8 0 1.61 .89 

1030 -199 0 5.23 2.9 
1030 199 0 1.62 .90 
2010 -398 0 1.89 1.0 
2040 -210 0 2.11 1.2 
2050 0 0 2.36 1.3 ~ 2040 280 0 2.55 1." ~ 

2010 3.8 0 1.05 .58 
3426 -399 0 1.11 .62 
3444 -200 0 1.06 .59 
3450 0 0 1.62 .90 
3444 200 0 1.42 .19 
3426 3.9 0 .82 .45 
5044 -232 0 .8a .46 
5050 0 0 .81 .45 
5050 0 67 1.28 .71 
5050 0 200 .03 .16E-01 
5050 0 300 .04 .21E-Ol 
5050 0 400 .01 .49E-02 
5044 232 0 .84 .47 
6650 0 0 .40 .22 
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RUN NUMBER 224 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGU~ATION IHGH SCALE 1-200 
DIKF MATERIAL SOIL GHID TYPE 9 
TIME EQUIVALENT 1000 SEC WINO SPEED 1.16 FTIS 
WIND DIRECTION 0 STRA TlnCA lION 24 C 
WIND SPEED 16.4 FT/S Rt.LEASE GAS 40.6 MW 
STRA TIF ICA TION STABLE RlLEASE GAS TEMP. 22 C 
ElOIL OFF RATE 160 LBMISEC FLOW RATE .16 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 .14 .13 
41t:; -163 0 .21 .19 
450 0 0 .28 .25 
415 163 0 2.13 1.9 
317 2.8 0 3.32 3.0 
971 -390 0 .12 .10 

1030 -199 0 .11 .10 
1050 0 0 .13 .11 
1030 199 0 .18 .11 

971 390 0 .26 .l3 ..... 
2010 -398 0 .04 .38E-Ol 

'-I 
~ 

2040 -200 0 .OS .46E-Ol 
2050 0 0 .06 .50E-Ol 
2040 200 0 .06 .5!)E-01 
2010 3.8 0 .01 .65E-01 
2050 0 17 .01 .61E-01 
2011)0 0 33 .13 .12 
2050 0 67 .14 .13 
2050 0 133 0.09 I). 

2050 0 200 .01 .52E-02 
342() -399 0 .04 .31E-01 
3444 -280 0 .08 .16E-01 
3450 0 0 .10 .90E-01 
3444 ZOO 0 • lea .88E-Ol 
3426 399 0 .04 .36E-Ol 
5034 -410 0 .02 .20E-Ol 
5046 -2eo 0 .03 .25E-Ol 
5050 0 0 .02 .19[-01 
5046 280 0 .o!) .46E-01 
5034 480 0 .03 .29[-01 
6650 0 0 0.00 o. 

0 0 0 0.00 o. 
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RUN NU~eER 32~ 

PROTOTYPE CONDITIONS 

OIKE CONFIGURATION 
DIKE MATERIAL 
TIME EQlJlVALENT 
WINO DIRECTION 
WINO SPEED 
STRATIFICATION 
ROIL OFF RATf 

SAMPLE POSITION (FT' 
X Y Z 

317 -298 (J 
415 -163 0 
450 0 (l 
415 163 0 
317 29A r. 
971 -390 0 

1030 -19'1 0 
10'50 0 0 
1030 199 0 

971 3q() u 
2010 -39M C 
2040 -200 0 
2050 0 Ii 
2040 ~O(l (I 
2010 398 r. 
2050 I) 17 
2050 0 33 
2050 0 67 
2050 0 133 
2050 0 ron 
3426 -3qq h 
3444 -coo II 
3450 0 0 
3444 200 (1 
3426 J~9 {l 
5034 -400 0 
5046 -2UO (I 
5050 0 u 
5046 200 (J 
5034 400 0 
6650 0 0 o 0 II 

HIGH 
s.oIL 
1000 5t C 

U 
23.Q fT/S 

STABll:'. 
160 lHM/Sf.C 

PfR CtNT METhANE 

.u4 

.0S 

.34 

.115 
1.19 

.1.J9 

.10 

.12 

.14 

.10 

.04 

.06 

.01 

.08 

.09 

.1l 
• 11 
.08 
.01 
.v1 
.lil 
.08 .oq 
.10 
.tI£ 
.u2 
.06 
• tJ6 
.on 
.0-; 
.03 

0.00 

Table 10-42 

~ODtl CONDITIONS 

SCALE 
bR It) TYPE 
_lr.Jl) St-'r.E.O 
STkATIf-lCATION 
RElt.ASf GAS 
H~ltA~t GAS T£MP. 
FLOw kATf 

CONCENT~ATION COff"ICl~NT 
K 

.4bt..-Ol 

.10 

.43 
1.1 
l.~ 
.11 
.l~ 
.l!::t 
.1b 
.13 
.46t.-ol 
.1Cie-Ol 
.Ij~t:.-Ol 
• ':HH:.-O 1 
.ll 
.10 
.1 .. 
.~tH:-(Jl 
.b':>t:-02 
.1,jt. -u 1 
.l"'t:-Ul 
.-,dt.-ul 
• II 
.ie 
.~bt-Ul 
.i:Ot-Ol 
./tH:-Ol 
."TeE-Ol 
.10 
.b~r-Ol 
.3'Jt:-Ol 

o. 

1-200 
9 

1.b2 FT/S 
t!5 C 

40.6 MW 
t!.2 C 

.lb CfM 

.... 

....... 
V1 



RUN NUMBER 32411 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION I-1IGH SCALE 1-200 
DIKE MATERIAL SOIL GRID TYPE 5 
TIME EQUIVALENT 1000 SEC WINO SPEED 1.62 FT/S 
WINO DIRECTION 0 STRATIFICATION 23 C 
WINO SPEED 23.0 FTIS Rt.LEASE GAS 40.6 MW 
STRATIFICATION STAt:tLE RELEASE GAS TEMP. 22 C 
BOIL OFF AATE 160 LBM/SEC FLO" RATE .16 CFM 

SAMPLE POSITION (FT) P~R CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

450 0 0 4.01 ~.1 
450 0 17 1.79 2.3 
450 0 33 .36 .46 
450 0 67 .3!» .44 
450 0 133 .H .13 
450 0 200 .Ol .22E-Ol 

1023 -232 0 .14 .18 
1023 -232 33 .11 .21 
1023 -232 100 .1t .14 
1023 "232 167 .OJ .37E-Ol ..... 
10'l0 0 0 .IS .19 

-...J 
()\ 

1050 0 17 .16 .20 
1050 0 33 .15 .19 
1050 0 67 .14 .17 
1050 0 133 .12 .16 
1050 0 200 .Ol .21E-Ol 
1023 232 0 .13 .17 
1023 232 33 .21 .27 
1023 232 100 .22 .27 
1023 232 167 .00 .31E-02 
2050 0 0 .01' .88E-Ol 
3450 0 0 .04 .47E-01 
3450 0 67 .01 .85E-01 
3450 0 200 .03 .32E-01 
3450 0 300 .01 .11E-0 1 
3450 0 400 .01 .10E-Ol 
5050 0 0 .04 .45E-Ol 
5050 0 61 .04 .45E-Ol 
5050 0 200 .01 .16E-Ol 
5050 0 300 .Ol .24E-Ol 
5050 0 400 .02 .21E-01 
6650 0 0 0.1)0 o. 
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RUN NU"'8ER 324C 

PROTOTYPE CONDITION~ fo'IOOtL CONOITION!i 

DIKE CO~FIGUwATION hIS'" S(,.ALf" l-lOO 
OIt<E ~ATERIAL ~OlL t,j~ID TYPt 10 
TIME EQUI\lAlE,,'T 10 () u !>t C wlNu Sfit.tU 1.02 fT/S 
WIND DIRECTION iJ ~'rlATlfl(.ATlON lo C 
wIND SPEED C'3.v fT/S ;.It.Lt:4~E 6A:::' 10.0 MW 
STRATIFICATIOfl; ":>TAtjLt. ;.l~ltASt. 6AS TtMP. -11+0 C' 
80IL OFF RATE 160 LHM/~fC flOw !-lATt:: .10 CF~ 

~AMPlE POSITION (fT) Pt.~ CtNT ~ETHA~t CONct~TRATION COtFfICIENT 
X Y Z K 

317 -29A 0 1.31 1.1 
415 -163 0 .31:i .4b 
450 0 0 .77 .~tJ 
I+l~ 103 0 .20 .32 
311 29A () .:it!. .1+1 

1030 -199 0 .1:' .9~ 
1030 199 0 .l'oJ .36 
2010 -398 0 .1J .2i 
2040 -200 0 .~3 .t!.'J 
2050 0 0 .11 .21 
2040 200 0 .l~ .24 
2010 39B 0 .0-' .84t.-Ol 
3426 -399 0 .O~ .t,1t,-Ul 
3444 -200 0 .10 .It: 
3450 0 0 .00 .10t:-Ol 
3444 2410 0 .09 .12 
3426 399 0 .04 .55t-Ol .... 
5044 -232 0 .05 • ~It-Ol ...... 
5050 0 0 .04 • SOt.-OI 

...... 

5050 0 61 .00 .~0t.-02 
5050 0 200 .00 .I+bt:.-Ol 
5050 0 300 v.ou o. 
501'50 0 400 .00 .4t!.t:-02 
5044 l32 0 .0 .. .I+IE-Ol 
boSO 0 0 .01 .ltU::-OI 
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RUN NUMBER 5 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION HIGH SCALE I-cOO 
DIKE MATERIAL CONCRETE GHID TYPE 2 
TIME EQUIVALENT 1000 SEC WIND SPEED .71 FT/S 
III IND DIRECTION 0 STRATIFICATION o C 
WIND SPEED 9.tS FT/S Rt-LEASE GAS 40.6 Mill 
STRA TIF ICAT ION NEUTRAL R~LEASE GAS TEMP. 22 C 
ROIL OFF RATE 29 LB"'/SEC FLOW RATE .03 CFM 

SA"'PLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z I< 

187 -234 0 .O~ .35 
270 -130 0 .09 .43 
300 0 0 .03 .14 
270 130 0 .0. .20 
187 234 0 .08 .3~ 

702 -384 0 .05 .23 
175 -198 0 .08 .38 
800 0 0 .08 .3~ 

775 198 0 .03 .14 
702 384 0 .08 .35 ...... 

--.J 

1343 -j9S 0 .04 .20 00 

1386 -2'0 0 .03 .14 
1400 0 0 .03 .14 
1386 200 0 .05 .23 
1343 395 0 .O!» .23 
2367 -398 0 .05 .23 
2392 -280 0 .08 .3~ 

2400 0 0 .08 .35 
2392 2.0 0 0.00 o. 
2367 398 0 .OJ .14 
3578 -3'9 0 .O~ .23 
3594 -290 0 .08 .35 
3600 0 0 .08 .JS 
3594 2.0 0 .06 .26 
3578 399 0 .03 .12 
4984 -400 0 .02 .81E-01 
4996 -280 0 .03 .14 
5000 0 0 .03 .12 
4996 200 0 .01 .58E-Ol 
4984 4tO 0 .03 .12 
6000 0 0 .03 .14 

0 0 0 0.00 O. 
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RUN NUMBER 10 

PROTOTYPE CeNDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATERIAL SOIL CONCRETE GRID TYPE 2 
TIME EQUIVALENT 1-120 .01:1 SEC wIND SPEED .71 FTIS 
WIND DIHECHON 0 STRATIFICATION o C 
WINO SPEED 9.8 FTIS Nt-LEASE GAS 40.6 MW 
STRATIF IC.HON NEUTRAL HtLEASE GAS TEMP. 22 C 
BOIL OFF lUTE 2534 LBMISEC FLOW RATE 2.60 CFM 

SAMPLE PCSITION (FTI PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z I( 

181 -234 0 51.29 2.3 
210 -130 0 60.03 Z.1 
300 0 0 ~0.2Z Z.Z 
210 130 0 lZ.48 .56 
181 234 0 54.31 2.4 
102 -314 0 36.51 1.6 
115 -1.a 0 30.Z8 1.4 
aoo 0 0 40.1Z 1.8 
115 198 0 25.82 1.Z 
702 31. 0 25.3t 1.1 :::; 

1343 -3'5 0 ZZ.30 1.00 tD 

138#1 -ZIO 0 1.7.8l 1.2 
1400 0 0 26.95 1.2 
1386 200 0 19.59 .88 
1343 395 0 16.19 .12 
2367 -3'8 0 14.8l .66 
2392 -200 0 15.111 .68 
2400 0 0 15.69 .10 
2392 2110 0 i5.3e1 .69 
2361 3.8 0 11.48 .51 
3518 -399 0 12.61 .56 
3594 -200 0 12.6t .56 
3600 0 0 10.47 .41 
3594 2eo 0 12.04 .54 
3518 3.9 0 3.93 .18 
4984 -480 0 6.38 .29 
4996 -ZIO 0 1.96 .36 
5000 0 0 6.1"1 .28 
4996 ZOO 0 8.40 .38 
4984 410 0 1.1t5 .33 
6000 0 0 6.51 .29 

0 0 0 0.09 O. 

TahlE' lO--lh 



RUN NUMBER 110 

P~OTOTYPE CONDITIONS 

DI~E CONFIGU~ATION LO~ 

DIKE MATERIAL SOIL CONCRETE:. 
TIME EQUIVALENT 1-120 .Ott SEC 
WIND DIRECTION 0 
wIND SPEED 9.1:i FTIS 
STRATIFICATION NEUTRAL 
BOIL OFF RATE 2534 LBM/SEC 

SAMPLE PCSIT ION (FT) PER CENT METHANE 
X Y Z 

140 -6!U 0 36.41 
518 -419 0 3b.31 
b66 0 0 42.48 
518 419 0 l8.bO 
140 6!H 0 27.bJ 

1154 -12Gl 0 lO.HS 
1532 -653 0 20.5~ 

Ib65 0 0 24.88 
1532 653 0 20.23 
1154 1201 0 14.93 
2336 -1280 0 12.22 
2581 -661 0 12.73 
2664 0 0 14.67 
25lH b61 0 11.10 
2336 1280 0 9.42 
4473 -1315 0 7.53 
4614 -664 0 1.97 
4662 0 0 6.4} 
4614 664 0 4.41 
4473 1315 0 4.57 
6527 -1324 0 1.26 
6627 -665 0 4.32 
6660 0 0 2.79 
6627 665 0 1.0S 
6527 1324 0 .4' 
78tH -1326 0 O.Og 
7964 -665 0 o.oe 
7992 0 0 0.00 
7964 665 0 .11 
7881 1326 0 .49 

0 0 0 0.00 
0 0 0 0.00 

MODEL CONDITIONS 

SCALE 
GHID TYPE 
WIND SPEED 
STRA TIF ICA TION 
RELEASE GAS 
RELEASE GAS TEMP. 
FLOW R~TE 

CONCENTRATION COEFFICIE~T 
K 
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.44 

.43 

.51 

.34 

.33 

.24 

.25 

.30 

.24 

.18 

.15 

.15 

.18 

.13 

.11 

.90f-Ol 

.24E-Ol 

.77E-Ol 

.54E-01 

.55E-Ol 

.15E-Ol 

.52E-Ol 

.33E-01 

.13E-01 

.59E-02 
o. 
O. 
o. 

.13E-02 

.59E-02 
o. 
O. 

1-666 
8 

.39 FTIS 
o C 

1t0.b MW 
22 C 

.49 CFM 

..... 
00 
o 



RUN NUt.1bE~ 11 

PROTOTYPE CONOITION~ MUUt:.L Cu~OITIONS 

DIKE CONFIGU~ATION L·)It4 Sl.ALf 1-£100 
DIKE ~ATERIAL CONCRETE SUIL (;k I jJ T Y jolt i? 
TI~E EQUIVALENT 1 1 7 U ~~ C wlNU 5Pt:EO .11 FT/S 
WIND DIRECTION 0 <:;TRATIFICATION o C 
wIND SPEED '-;.~ FT/S wtLt:.ASt: 6AS 40.6 Mw 
STRATIFICATION ~FUTH~L ktLEASE GAS T~MP. t!2 C 
BOIL OFF RATE 850 L"1M/:>t <- t-LOw ~ATt .~O CFM 

SAMPLE POSITION (FT) Pt. .... (t.i'.l ~lt i' "'"Nt: l.ON~fNTHATION COtFfIClt:NT 
X Y Z K 

187 -234 0 ~1.4."'j 4.3 
270 -130 0 H .1 .... ~.4 
300 0 0 ':).~'-i .8,j 
270 130 0 ~"'.4 .. J.7 
181 23,+ 0 t!.J.~l J.::> 
102 -384 0 1 C. • 1 1 1.H 
115 -19fl 0 '1.e.1 l.c 
800 0 (l .,j.7,+ .54 
71S 198 0 4.94 .7 i!. 
10? 384 0 7.~t! 1.1 

1343 -3~5 0 ~.64 .(;3 
138" -200 0 3.62 .S3 
1400 0 0 1.73 .t!~ 
13A6 200 0 1.7 J .2~ 
1343 395 0 3.1t:i .4b 
2361 -39R 0 ~.lk .61 
2392 -200 0 1.B~ .27 .... 
2400 0 () .4::> • 1'+ 00 

2392 200 0 .12 • l-'E-Ol .... 
23b7 39fl 0 1.14 .11 
357b -399 0 t!.Hl .~t!. 
3594 -200 0 t:'.4.,j • 3:' 
3600 0 0 1.0' .1b 
3594 200 0 I.Ot! .1".:1 
3578 399 Ci 1.30 .19 
49A4 -400 0 1.40 .21 
499b -cOO () 1.1,+ .2~ 
!':l000 0 0 .'+'1 .7H'.-Ul 
4996 (:'00 lJ 1.Uo .1::> 
4984 400 0 • (~'+ .14 
bOOO 0 0 1.00 .l~ 

0 0 (I o.on o. 
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RUN NUMBER 31V 

PROTOTYPE C6NOITIONS MODEL CONDITIONS 

DIKE CONFIGWRATION LO_ SCALE 1-200 
DIKE MATERIAL CONCRETE SOIL GHID TYPE 5 
TIME EQUI VALENT 1 170 SEC _IND SPEED .71 FT/S 
WINO DIRECTION 0 STRATIFICA lION 2£ C 
WINO SPEED 9.8 FT/S RELEASE GAS 40.6 MW 
STRATIFICATION STABLE RELEASE GAS TEMP. 22 C 
ROIL OFF ~ATE 850 LBM/SEC FLOW RATE .80 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

450 0 0 32.80 3.Z 
450 0 17 2.48 .23 
450 0 33 .61 .66E-01 
450 0 67 .84 .81E-01 
450 f) 133 .31 .36E-Ol 
450 0 200 .11 .16E-01 

1023 .. 232 0 .20 .19E-Ol 
1023 ... 2lZ 33 .45 .44E-01 
1023 -232 100 .18 .18E-Ol 
1023 -232 167 .06 .58E-OZ .... 

00 
1050 0 0 .22 .21E-01 N 

1050 0 17 .2f .27£"01 
1050 0 33 .72 .10£-01 
1050 0 67 .69 .58E-01 
1050 0 133 .34 .33£-01 
1050 0 200 .18 .18E-01 
1023 232 0 .34 .33E"'01 
1023 232 33 .92 .89E-01 
1023 232 100 .6' .59E-01 
1023 23Z 167 .35 .34£-01 
Z050 0 0 0.0, o. 
3450 0 a .28 .21E-01 
3450 0 67 .u .16E-Ol 
3450 0 200 .15 .15E-Ol 
3450 0 300 .Ol .22£-02 
3450 0 400 0.00 O. 
5050 0 0 .0fIJ .82£-OZ 
5050 0 61 .15 .15E-01 
5050 0 200 .15 .15£-01 
5050 0 300 .06 .63E-02 
5050 0 400 .03 .33E .. 02 
6650 0 0 0.00 o. 

Table 10-49 



RUN NUM~E~ 3:iIV 

P~OTOTYPE CONOI T 1 p'",,- MODEL CONOITIONS 

DIKE CO~fIAURATION lOw ~(;ALt: I-cOO 
DIKE ~ATE~IAL CONC.~fTF SOIL bklO TYPE 5 
T tME ft~tJ I VALENT 1 17'] SEC 141""0 SfoIEED 1.bl FT/S 
WINO OIRECTION \) SlWATIflCATlO", i!2 C 
WIND SPEED ?J.u fT/~ kt.LEA~E GAS 40.6 fl4W 
STRATlfICATIOI\I STAaL.f HlLEASf GAS T~~P. i2 C 
~OIL OFF ~ATE 850 LttM/SfC "LOw ~ATE .60 CF~ 

~A~PLE PC~ITIn", (Fr) P~P rt~l METHANf ~o~CENTRATION COt.FFICIENT 
X Y Z K 

450 0 0 C!~.10 ~.7 
450 0 17 ~.7~ I.J 
450 n 33 l.Ol!: .23 
450 0 n7 .1ct- .17 
.50 0 133 .10 .23E.-Ol 
450 0 200 .56 .lc 

1023 -232 (' 1.1.J .2~ 
1023 -232 33 1.33 .30 
1023 -232 100 .11 .17 
1023 -23L' 167 .2 ... .,;)3t:.-Ol 
1050 0 u 1.3'; .30 
1050 0 17 1 .... tS .3:;:, 
1050 0 33 1.4"1 .33 
1050 0 "7 .'Jl .20 
1050 it 133 .42 .;;4~-01 
1050 11 200 .01 .lbE-02 
1023 232 (I 1.17 .26 ..... 1013 232 33 1.11 .~, 00 
1023 ~32 101) .27 .bOf-Ol tIoI 

1013 232 1&7 .20 .40t.-Ol 
20C;0 0 0 .1:.- .16 
3450 \) () .b"" .l~ 
3450 c) ,,7 .31 .70t.-VI 
3ttC;0 I) 200 .O~ .41t:-02 
34';0 II 30n O.Ou (I. 
3450 0 40("1 0.00 o. 
5050 0 " .:'6 .Ic 
5050 0 ,,7 .2'~ .6")E.-Ol 
5050 0 ?,'j Ii .il~ .IIE-OI 
5050 0 3()" \:.00 0. 
50C;0 0 .. aft 0.00 n • 
6b"i0 0 t \,. ~u o. 

Table 10-50 



RUN NUMBER 12 

PROTOTYPE C6NDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-l00 
DIKE MATERIAL SOIL GHID TYPE 2 
TIME EQUIVALENT 1000 SEC WIND SPEED .11 FTIS 
WIND DIREGTION 0 STRATIFICA TiON o C 
WIND SPEES 9.ts FTIS RE-LEASE GAS 40.6 MW 
STRATIFICATION NEUTRAL R~LEASE GAS TEMP. 22 C 
BOIL OFF IiIATE 27!l LBM/SEC FLOW RATE .28 CF~ 

SA~PLE POSITION (FT) PER CENT METHANE CONCENTRATION CO~FFICIENT 
X Y Z K 

181 -234 0 2.11 .90 
210 -130 0 8.90 3.7 
300 0 0 1.23 .51 
210 130 0 1.20 3.0 
187 234 0 .9J .3'i 
702 -384 0 1.3? .57 
115 -U8 0 1.54 .64 
800 0 0 .66 .27 
715 1.8 0 1.03 .43 
102 3.4 0 .3. .13 >--

1343 -395 0 .84 .35 
00 
.j>. 

1386 -280 0 .52 .21 
1400 0 0 .33 .14 
1386 280 0 .40 .11 
1343 395 0 .4. .11 
2361 -3'8 0 .32 .13 
2392 -200 0 .25 .10 
2400 0 0 .21 .11 
2392 280 0 .00 .16E-02 
2367 398 0 .20 .83E-01 
3518 -399 0 .15 .61E-01 
3594 -210 0 .2~ .90E-Ol 
3600 0 0 .19 .78E-Ol 
3594 280 0 .15 .64E-01 
3518 3.9 0 .08 .35E-01 
4984 -400 0 .u .45E-01 
4996 -280 0 .15 .64E-Ol 
5000 0 0 .15 .61E-01 
4996 2'0 0 .1 , .10E-Ol 
4984 480 0 .08 .32E-01 
6000 0 0 .10 .41E-Ol 

0 0 0 0.00 o. 

Table 10-51 



~u~ f\lUM ... Fw 1.( 

PHOTOTYPE CO"-'{J' T IOl\JS 

OIKF CO~FIAUwATrON 
OIKF fiotAlfRIAL 
TI"f EQulvALF~T 
WINO OIf,itCTIO~ 
WINO SPf:EO 
STRATIFICATION 
~OIL OFf RA1F 
~AMPL~ POSIT'O~ (FT) 

x Y 1 

181 -c34 t) 

270 -130 0 
300 () I' 270 130 0 
1$ol1 2J4 0 
102 -.:Hi4 (} 
17S -11.f8 () 
~oo 0 0 
11" 19A 0 
702 .384 0 

1343 -3'iC; 0 
1386 -200 0 
1400 0 0 
13~6 cOO 0 
1343 395 fa 
~3f17 -39A ($ 
23q2 -200 0 
2400 0 0 
23q2 200 u 
2367 J'IA u 
3578 -J'Jq 0 
3594 -200 I') 
3f,00 0 (I 

3594 200 0 
3,,1A 3~q 0 
49~4 -400 0 
.. ~9n -200 0 
!)()OO 0 \l 
.. QQfl 20n u 
4~"4 AtOO U 
bOOO 0 0 

0 0 f' 

L()~ 
CONeD-elf 

tOQu SEC 
0 

~.a JOT/S 
I'IIEI.JTP~L 

lit) LPM/'St:.C 

PeR c~~, METHANE 

.15 
l.IS 

.44 
1.35 
• o If. 
.Ob 
.21 
.21 
.16 
.01 
.03 
.13 
.1 "I 
.00 

0.00 
.u2 
• 10 
.(J"i 
.1U 
.01 
.04 
.0At 
.15 
.1l4 

u.oo 
• 01 
.01 

U.liu 
.tll 
.01 
.10 

u.ou 

Table 10-52 

~OOEl CONOITIONS 

~t.:ALf. 
bk Il.) T 'r P': 
wIN') s ... t:.t:.1J 
~1~Arlf·1CArlON 
HtLt:A'lt:. \;A~ 
RtL~A~~ tiAS r~~p. 
~LO,. ~ATt:. 

C(J~Ct iTj..lATION COt:.F..-IClf:.NT 
K 

.16 
1-.3 
.41 
1.4-
.40E-Ol 
.uOE-Ol 
.el!. 
.e."'i 
.11 
.blE-02 
.3Jf.-Ol 
.14 
.':0 
.oOt.-OI 

G. 
.rUt:.-Ul 
.1.& . 
• ·-i .. :U" -0 1 
.11 
.. IJI-.-01 
... /t.-Ol 
, .. ft-Ol 
.1f) 
... Ut.-O, 

' .. 1 • 

.o't-U£ 

.011:.-02 
I. 
• 1 Jt-. -v 1 
.b(f:.-U~ 
.11 

o. 

i-iUO 
2 

./1 FT/S o C 
40.6 MW 

t!2 C 
.11 CFM 

.... 
00 
V1 



RUN NUMBER 33V 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CO~FIGUR~TION LOW SCALE I-cOO 
DIKE MATERIAL CONCRETE GHIO TYPE 5 
TIME EQUIVALENT 1000 SEC WIND SPEED .11 FT/S 
WIND OI~ECTION 0 STRATIFICATION 22 C 
WIND SPEED 9.8 FT/S Rt.LEASE GAS 40.6 MW 
STRA TIF ICA TION STABLE Rt.LEASE GAS TEMP. 22 C 
ROIL OFF lUTE 116 LBM/SEC FLOW RATE .11 CF~ 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

450 0 0 .1 J .94E-Ol 
450 0 17 .01 .48E-Ol 
450 0 33 .11 .71E-Ol 
450 0 67 .11 .le 
450 0 133 .08 .56E-Ol 
450 0 200 .05 .36E-Ol 

1023 -232 0 .06 .44E-Ol 
1023 -232 33 .04 .26E-Ol 
1023 -232 100 .04 .30E-Ol 
1023 -232 167 .04 .25E-01 ~ 

1050 0 0 .05 .34E-Ol 
00 
a-

1050 0 17 .02 .11E-Ol 
1050 0 33 .05 • :HE-O 1 
1050 0 67 .01 .50E-Ol 
1050 0 133 .05 .38E-Ol 
1050 0 200 .06 .39E-Ol 
1023 232 0 .06 .43E-01 
1023 232 33 .li .19E-01 
1023 232 100 .05 .38E-Ol 
1023 232 161 .05 .35E-Ol 
2050 0 0 .03 .25E-Ol 
3450 0 0 .04 .21E-01 
3450 0 61 .09 .62E-Ol 
3450 0 200 .02 .12E-Ol 
3450 0 300 .01 .59£-02 
3450 0 400 .01 .42E-02 
5050 0 0 .00 .14£-02 
5050 0 61 .00 .35£-02 
5050 0 200 .Ol .11E-Ol 
5050 0 300 .01 .66E-02 
5050 0 400 .ot .3AE-02 
6650 0 0 0.00 o. 

Table 10-53 



~UN NUMRER 333v 

PHOTOTYPE CONDrTION~ MUDt:L CONDITIONS 

DIKE CONFIGURATION LOW SC4lE. I-cOO 
DIKE MATERIAL CONCRETE GH H.i T vPt:.: 5 
TIME EGLIvALENT 1000 SEC wINO SPt:.fU 1.62 FT/S 
-INO DIHECTION 0 ~lRATIFICATION t!3 C 
WINO SPEEI) ?j.O FT/S ~t.lt.ASt: t:.iAS 40.6 MW 
STRATIFICATION ~TAtiLE. ~t.lfASf 6A~ T~MP. t!2 C 
qOIL OFF RATE lIb Lrl""/Sf:('; "lOw ~A TE. .11 CfM 

SAMPLE POSITION (FT) PE~ CtNT MET~AN~ CONCENTHATION COtFfICIfNT 
)( Y Z K 

450 0 0 1.01 1.7 
450 0 17 .bl .9'j 
450 0 33 .17 .27 
450 0 67 .Od .1 t! 
450 0 1.33 .02 .271::.-01 
450 0 200 .01 .lbt-Ol 

1023 -232 n .1~ .30 
1023 -232 33 .1 t4 .30 
1023 -232 100 .10 .l~ 
1023 -232 167 .03 .4bE.-01 
1050 0 0 .17 .2d 
1050 0 17 .20 .32 
1050 0 33 .17 .t!.1 
1050 0 67 .08 • L~ 
1050 0 133 .03 .!)bl:-U1 
1050 0 200 .01 .14E.-01 
1023 232 0 .1 ~ .24 .... 
1023 232 33 • 09 .l~ 00 

1023 232 100 .ot!. .3ot.-01 -...J 

1023 232 167 .00 .:'bE.-02 
2050 0 0 • It!. .20 
3450 0 0 .00 .10t+00 
3450 0 67 .O~ .13f.-0 1 
3450 0 200 0.00 u. 
3450 0 300 0.00 0. 
3450 0 400 0.00 o. 
5050 0 0 .02 .33t:-Ol 
5050 0 61 .00 .5bt:.-02 
5050 0 200 .01 .l'lt.-Ol 
50·50 0 300 .00 .12f.-02 
5050 0 4UO .00 .lbt:-02 
66':;0 0 0 0.00 o. 

Table 10-54 



RUN NUMBER 14 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATEIII"L SOIL CONCRETE GHID TYPE 2 
TIME EQuIVALENT G.T.10*5 G. T .10*' SEC WIND SPEED .11 FT/S 
WINO DIRECTION 0 S TRA TIF ICA TI ON o C 
WIND SPEED 9.8 fTlS RELEASE GAS 40.6 Mil 
STRATIFICATION NEUTRAL R~LEASE GAS TEMP. 22 C 
BOIL OFF RATE 94 LBM/SEC FLOW RATE .09 CFM 

SAMPLE P6SITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y 1 K 

187 -234 0 .15 .20 
270 -130 0 Z.U 2.8 
JOO 0 0 .40 .51 
270 130 0 1.42 1.8 
187 234 0 .01 .81E-02 
702 -J84 0 .OJ • 33E-01 
775 -198 0 .31 .40 
800 0 0 .34 .44 
775 198 0 .03 .33E-01 
702 384 0 .09 .12 ... 

00 1343 -3'5 0 .Ol .24E-01 00 

1386 -210 0 .02 .24E-01 
1400 0 0 .14 .18 
1386 210 0 .10 .13 
134J l.5 0 .06 • 73E-01 
2367 -3'8 0 0.00 o. 
2392 -2'0 0 .oa .33(-01 
2400 0 0 .05 .65(-01 
2392 200 0 .06 .81E-01 
2367 3.8 0 .04 .57f-01 
357h -399 0 .04 .49E-01 
3594 -zeo (I .02 .24(-01 
3600 0 It .OJ .,UE-Ol 
3SCil4 zoe 0 .04 .57(-Oi 
31)78 J9Q 0 .O} .8lE-02 
4 lilts. -4.0 0 0.00 o. 
41i1<H> -~eo 0 0.00 o. 
15000 0 0 .03 .41(-01 
4(')96 260 0 .01 .89(-01 
4984 400 0 .01 .89(-oi 
bellO !) 0 .OJ; .81E-0? 

i1 0 0 0.00 o. 

Table 10-55 



RUN NUMhEH l~ 

PROTOTypE CO~~ITION~ 

DIKE COhFIGUHATION 
DIKE ~ATERIAL SOIL 
TIME" EQUIVALENT 1-120 
-IIlNO DIRECTION 
wIND SPEED 
STRATIFICATION 
BOIL OFF R.Tf 

SAMPLE POSITION (FT) 
)( Y 1 

187 -234 0 
270 -130 0 
300 0 0 
270 130 0 
187 234 0 
702 -384 0 
775 -198 0 
800 0 0 
77C; 198 0 
702 3fl4 0 

1343 -395 0 
1386 -200 0 
1400 0 0 
1386 200 0 
1343 395 j) 
2367 -398 0 
2392 -200 0 
2400 0 0 
2392 200 0 
2367 398 n 
3578 -J99 0 
3594 -200 0 
3600 a 0 
3594 200 0 
3578 399 0 
4984 -400 0 
4996 -200 0 
5000 0 0 
4996 200 0 
49~4 400 () 
6000 0 0 
000 

LOl1w 
CON(;RE n .. 

.Ob SEC 
... ':l 

~.d FT/S 
NfUTHAL 

2S34 Ltil'4/SEC 

PER ctN' METHANt 

(o.':Ju 
I+"'.O~ 
~U.4J. 
~3.:l~ 
ots.20 
~j.O' 
In.bl 
i!~.41 
J~.~:> 
J.3.~t> 
26.17 
t!..f3..77 
t.l.1t. 
1'1.21 
t!O.O~ 
lti.2b 
17./jtj 
17.603 
1~.54 
1~.7'1 
1~.11 
.l4.59 
10.~b 
12.75 
11.11 
4.40 

10.41 
~.01 
-,.40 
'1.21 
1'j.4~ 
V.OO 

Table 10-56 

Mot)t.L CUNulTIONS 

~c..ALf 
C;~ll) TYPE 
WINO SPE.ED 
~ T wA T If- 1 CA T ION 
Ht.LrASE GAS 
~t.Lt.ASE GAS Tt.MP. 
"LOw tJATE 
CUN~~NTkATION COt.FFICIENT 

K 

3.4 
t!..i! 
.':H 
~.4 
.:S.1 
l!..4 
1.b 
1.1 
1.4 
l.~ 
1. :.; 
1.3 
1.2 
.8tJ 
.'l0 
.ht!. 
.hO 
.71.J 
.70 
.11 
.7l!. 
.0:' 
.4t:i 
.':.)1 
.IojO 
.4t. 
.1+7 
.':;0 
.42 
.41 
.30 

o. 

l-~OO 
2 

./1 FT/S 
o C 

40.6 MW 
22 C 

2.60 CFM 

..... 
(X) 
~ 



~u"l NUMPER 115 

PPOTOTYPE C8NDYTIONS MODEL CONDITIONS 

OI~E CO~FIGUR.TION LOW SClLE 1-666 
DIKE JIoIATEIIIUL SOIL CONCRETE GRID TYPE 8 
TI~E' Eau I WALENT 1-120 .OA SEC WIND SPEED .39 FT/S 
wt"lD DIRECTION 45 STRATIFICA TTI')~4 o C 
WINO SPEED 9.~ II"T/S Rt.LEASE GAS 40.6 a4W 
f:TRATIFICATlON NEUTRAL RELEASE GAS Tf~P. 22 C 
!=lOlL OFF RATE 2534 UU4lSEC FLOW RATE .4q CFM 

SAMPLE POSITION (FT) PEP CENT METHANE CONCENTRATIO~' COF.FFICIENT 
X Y Z I< 

140 -651 0 3'5.33 .42 
518 -419 0 31.56 .38 
666 0 0 11.1l .21 
':;18 419 0 ?f).61' .32 
140 61)1 0 29.21' • 35 

ll54 -1201 0 16.76 .20 
11532 -653 0 15.9. .19 
1665 0 0 1?3' .15 
11)32 653 0 12.83 .15 
1154 l?Ol 0 In.03 • J? .... 

10 

2336 -lcilU 0 10.11 .12 0 

2581 -6&1 0 9.81 .12 
2664 0 0 7.31 .88E-Ol 
2581 661 0 6.25 .75E-01 
2336 1280 0 5.08 .61E-Ol 
4473 -1315 0 5.33 .64E-Ol 
4614 -664 0 0.00 o. 
4662 0 0 4.46 .53E-Ol 
4614 664 0 2.27 .27E-Ol 
4473 1315 0 2.3Z .28E-Ol 
6527 -1324 0 3.24 .39E-Ol 
6627 -665 0 3.75 .45E-01 
6660 0 0 3.04 .36E-Ol 
6627 665 0 2.73 .33E-Ol 
6527 1324 0 1.45 .17E-01 
1881 -1326 0 1.40 .17E-Ol 
7964 -665 0 2.12 .25E-Ol 
7992 0 0 1.18 .lJE-01 
7964 665 0 2.07 .25E-01 
7881 1326 0 1.U .20E-Ol 

0 0 0 0.00 o. 
0 0 0 0.00 o. 

Table 10-57 



~UN NUM~EW 3~~ 

PROTOTYPE CONOITIO~S 

DIKE CONFIGURATIO~ 
DIKE MATERIAL CONC~ETE 
TIME EQUIVALENT .OM 
wINO DIHECTION 
wINO SPEED 
STRATIFICATION 
ROIL OFF RATE 

SAMPLE POSITION (FT) 
X Y 1 

317 -298 0 
415 -163 0 
450 0 0 
415 163 0 
311 298 0 
971 -390 0 

1030 -199 0 
1050 0 0 
1030 199 0 

971 390 0 
2010 -39B. 0 
2040 -200 0 
2050 0 0 
2040 200 () 
2010 39A 0 
2050 0 17 
2050 0 33 
2050 0 61 
2050 0 133 
2050 0 ZOO 
3426 -399 0 
3444 -200 0 
3450 0 0 
3444 200 0 
3426 399 0 
5034 -400 0 
5046 -200 0 
5050 0 0 
5046 200 0 
~034 400 0 
6650 0 0 

0 0 (, 

LOw 
SOIL 

1-1?\.I ~tC 
4:' 

(:',j.O I"T/S 
STIJ~LE. 

2,j40 Lt::!M/SfC 

PE.q CtNT METHANE 

~'1.~tS 
4'1.6~ 
36.ti2 
:'3.69 
44.t;7 

7.23 
b.6t) 
t1.'J~ 
7.1,+ 
:'.\;~ 
1.6 ..... 
1.14 
l.h4 I.' .. 1. 'f 4 
1.1'.J 
c'.:>~ 
1.4~ 
.iH 
.1lJ 

1. At';' 
I.M4 
i:.u:> 
c.'.4! 
1.3e 
.Hf 
.'"JI 

1.lJ~ 
l.~.:i 
1.::).1 
1.3d 
r}.OO 

Table 10-58 

MUOf-L CONOITIONS 

",c.;AU: 
litHU TYPE: 
WINO SPEf.U 
STRATIfICATION 
HtLtASE. bAS 
HtL~~SE. GAS TE.MP. 
"'LO~ r<ATE 

CUNCfNTWATION COlFfICIENT 
K 

4.4 
.;.1 
2.1 
4.0 
J.J 
.S4 
.b4 
.eb 
.~1 
.,+4 
.1~ 
.13 
.14 
.13 
.1J 
.l,j 
.1'1 
.11 
.~lf:.-Ol 
.,c.f:.-O~ 
.11 
.14 
.1~ 
.1~ 
.10 
.64f-Ol 
.'~t-ol 
.70t.-ol 
.12 
.11 
.10 

o. 

i-cOO 
"I 

1.62 fTIS 
1~ C 

40.0 M~ 
i!.2 C 

2.40 CfM 

.... 
\0 .... 



RUN NUMBER 16 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFJGURAflON LO_ SCALE 1 .. 200 
DIKE MATERIAL CONCRETE SOIL GRID TYPE 2 
TIME EQUHALENT 1 170 SEC WINO SPEED .71 FT/S 
WINO DIRECTION 45 STRATIFICATION o C 
WIND SPEED 9.8 FT/S RtLEASE GAS 40.6 H. 
STRATIFICATION NEUTRAL R~LEASE GAS TEMP. 22 C 
BOIL OFF RATE 850 LBM/SEC FLOW RATE .80 CFH 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

187 -234 0 40.0l 5.8 
270 -130 0 15.6Q 2.3 
300 0 0 6.36 .93 
270 130 0 15.41 2.2 
187 234 0 28.29 4.1 
102 -384 0 14.84 2.2 
775 -1'8 0 9.59 1.4 
$)00 0 0 1.36 .20 
775 198 0 4.08 .59 
702 384 0 8.0J; 1.2 ..... 

to 1343 -395 0 7.50 1.1 N 

1386 -200 0 4.91 .71 
1400 0 0 1.55 .23 
1386 210 0 2.12 .31 
1343 3'5 0 3.45 .50 
2367 -3'8 0 2.56 .37 
2392 -2eO 0 2.88 .42 
2400 0 0 1.23 .18 
2392 zeo 0 .79 .12 
2367 3.8 0 .92 .13 
3578 -399 0 2.88 .42 
3594 -280 0 2.12 .31 
3600 0 0 .85 .12 
3594 200 0 3.3' .49 
3578 399 0 3.32 .48 
4984 -480 0 .92 .13 
4996 -210 0 .98 .14 
5000 0 0 .38 .55E .. Ol 
4996 290 0 .25 .37E-Ol 
4984 410 0 .19 .28E-Ol 
6000 0 0 .25 .36E-Ol 

0 0 0 0.00 o. 

Table 10-59 



HUN NUMBE~ !bV 

PROTOTYPE CO~rITJON~ 

DIKE CO~FIGUR~TION 
DIKE MATERIAL CONC~t Tt: 
TIME EQuIVALfNT 1 
WINO DIRECTION 
WINO SPEED 
STRATIFICATION 
BOIL OFF RATE 

SAMPLE POSITION (FT) 
X Y Z 

450 0 0 
450 0 11 
450 0 33 
450 0 61 
450 0 13) 
450 0 200 

1023 -232 0 
1023 -232 33 
1023 -232 100 
1023 -232 161 
1050 0 0 
1050 0 11 
1050 0 33 
1050 a 61 
1050 0 133 
10'50 0 200 
1023 232 0 
1023 232 33 
1023 232 100 
1023 232 161 
2050 0 0 
3450 0 0 
3450 0 61 
3450 0 200 
3450 0 300 
3450 0 400 
5050 0 0 
5050 0 61 
5050 0 COO 
5050 0 30(, 
5050 0 ,-
6650 0 

LOlli 
SOIL 

110 ':)t.C 
45 

9.~ FT/S 
NEUTRAL 

850 UhV5fC 

PE.R Cf: \J' Mr:' HANt: 

11.82 
4.4:> 

• .34 
.17 
.OJ 
.1.12 

~.Y'::> 
... 3~ 

• 11 
.02 

d.70 
b.R~ 
4.3~ 
.~J 
.07 
.O~ 

7.~! 
£::.4:> 

.77 .0.., 
4.78 
~.6~ 
1 • (; j 

• 1 ,) 
.\J~ 
.02 
.:'3 
.43 
.t::.3 
.Of) 
.02 
.tlc 

Table 10-60 

MUUtL CONulTIONS 

<-;CALl: 
l.)HliJ TYPt:. 
wlNLJ SPE.E::U 
~TkATIflCATION 
Ht:.Lt.~SE GAS 
Ht:.Lt:.ASE GAS Tt:MP. 
~LOIll r<~Tt 

CUNCt:NTHATIO~ COt:FFIClt:.NT 
K 

1. 7 
.6~ 
.:,Ut:.-Ul 
.2~E-UI 
.40t:.-O~ 
.31t:-0~ 
1.4 
.63 
.Ibt:.-Ol 
.2~f:-UC 
1.3 
1.0 
.63 
.71t.-lJl 
.99t:.-OC 
.jOE.-O~ 
1.1 
.36 
.11 
.7'it:-0~ 
• 7 U 
.3ti 
.l~ 
.1:>t-Ol 
.3:,t-U2 
.~~t-O~ 
.1tiE.-01 
.6~t:.-Ol 
.34t-Ul 
.~jt-U~ 
.~'1t-O~ 
.12 

l-cUO 
~ 

.11 FT/S 
o C 

4U.b Mw 
c2 C 

.HO CFM 

I-' 
1.0 
VI 



RUN KUMBU IbC 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION I..mi SCALE 1-200 
DIKE MATERIAL CONCRETE SOIl. GRID TYPE b 

TIME EQUIULENT 1 11U SEC WH.D SPEED .71 FT /S 
WIND DIRECTION 45 SHUTIfICATION o C 
WIND SPEED 9.6 F'T/S RiLEASE GAS 16.0 MW 
STRATIFICATION NEUTRAL. REl.EASE GAS TEMP. -115 C 
80lL OFF RATE 850 LBM/SEC flOW RATE .80 CFM 

SAMPLE POSITION (FTI PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

311 -298 0 11.53 1.1 
415 -163 0 9.31 1.4 
450 0 0 4.1~ .60 

*450 0 33 .16 .24E-01 
*450 0 67 .09 • 13E-Ol 
*450 0 133 .03 .46£-02 
*450 0 200 .06 .84£-02 
US 163 0 8.94 1.3 
317 2,e 0 7.11 1.1 

*971 -3.0 0 8.65 1.3 
1030 -199 0 4.83 .70 

*1030 -199 33 4.18 .69 
*1030 -199 100 .09 .12£-01 
*1030 -19'1 167 .08 .11£-01 
*1050 0 0 3.23 .41 
*1050 0 33 2.89 .42 
*1050 0 61 .S8 .85E-Ol ..... 
*1050 (I 133 .01 .99E-02 \0 

"" *1050 0 zto .05 .7lE-02 
1030 199 0 4.40 .64 

*1030 199 33 .46 .66£-01 
*1030 1.9 100 .02 .24E-02 
*1030 199 161 .02 .26E-02 

*971 390 0 6.14 .89 
2010 "3'8 0 3.88 .56 
2040 ... 210 () 2.11 .39 
2050 0 0 1.68 .24 

*2050 0 50 .88 .13 
*2050 0 100 .12 .18£-01 
*2050 0 200 .02 .26[·02 
*2050 0 300 .01 .11£-02 

2040 200 0 2.18 .32 
2010 398 0 2.15 .31 
3426 -3'9 0 2."" .36 
3444 -Z'O 0 1.50 .ll 
3450 0 0 1.4 .. .21 

*3450 0 67 .53 .17E-Ol 
*3450 0 200 .21 Table 10-61 .19£-01 
*3450 0 300 .02 .26£-02 
*3450 0 400' .04 .'Hf-02 

3444 280 0 1.32 .19 
3426 3.9 0 1.51 .23 
5044 -232 0 1.03 .15 
5050 0 0 1.00 .15 
5050 0 67 .31 .53£-01 
5050 0 200 .08 .12E-Ol 
5050 0 300 .01 .16E-02 
5050 0 400 .04 .56E-02 
5044 212 0 0.00 o. 
6650 0 0 .61' .97E-01 



RUN NUMAER ?l~ 

PROTOTYPE CONnITION~ 

DIKE CONFIGURATION 
DIKE ~ATERIAL CONC~ETE 
TIME EQUIVALENT 1 
wINO DIRECTION 
wINO SPEED 
STRATIFICATION 
80Il OFF RATE 

SAMPLE POSITION (FT) 
X Y 7. 

201 -e98 U 
365 -163 I) 
400 0 0 
365 163 0 
261 298 0 
921 -390 0 
980 -199 0 

lOGO 0 0 
980 199 0 
921 390 0 

1960 -398 I) 
1990 -200 (} 
2000 0 0 
lQ90 200 0 
19~0 398 0 
2000 0 11 
2000 0 33 
2000 0 61 
2000 0 133 
2006 0 rOO 
3376 -399 (} 
33Q4 -200 0 
3400 0 0 
3394 200 0 
3316 39Q 0 
4~84 - -400 0 
4996 -200 0 
5000 0 n 
4996 200 n 
49A4 400 0 
6600 0 0 
000 

LOW 
SOIL 

17tJ SEC 
45 

1';.4 fT/S 
NtUTh'AL 

850 Lf:ii-1/ Sf:' C 

PER CENT ~Er~4~~ 

21. z; 6 
lU.f<j 
1.09 
t1.6c. 
:".1 .. 
1:\.'+0 
c.':ttl 

.""3 
1.<+1 
~.'+l 
.,j.tld 
1.1'+ 

• .,jC 

• 3~ .Mj 
.23 
.lb 
• 1 C .1 C 
.01 

2.45 
l.!i'i 

.c C 
• 1 f U.Gv 
.Ie 
.7 f 
.lj 
• 1 1 .Of) 
.2'5 

I,;. U 0 

Table 10-62 

Muut.L COMB T IONS 

~<"ALt 
brtI.) TYPE 
""IND SPt:.EO 
~ T WA T It; I CA T ION 
t-ItU::ASf: GAS 
ktLtASt. bAS TtMP. 
F-LOw ~ATf 

CUNCENTRATION COEftICIENT 
K 

~.3 
'C.. 1 
.27 
2.1 
1.3 
2.1 
.74 
.20 
.35 
.~'1 
.90 
.28 
.7~E-Ol 
.7'1t:-Ol 
.20 
.S7t-Ol 
.",0(:.-01 
.l9f:.-Ol 
.301:.-01 
.1Jt-Oc 
.61 
.21 
.~5t:-Ol 
.43E-Ul 

o. 
• H, 
.1'J 
• 3cf. -0 1 
.27E-Ol 
.1"'1:-01 
.61E-Ul 

u. 

I-cOO 
4 

1.10 FT/S o C 
40.0 MW 

t!2 C 
.80 CFM 

~ 

to 
V1 



RUN NUMBEIII 316 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-iOO 
DIKE MATERIAL CONCRETE SOIL GRID TYPE 4 
TIME EQUIVALENT 1 110 SEC WIND SPEED 1.62 FTIS 
WIND DIRE~TlON 4!) STRATIFICA TION o C 
WIND SPEED 23.0 FTIS RELEASE GAS 40.6 MW 
STRATIFICATION ~EUTRAL RELEASE GAS TEMP. 22 C 
BOIL OFF RATE 850 LBM/SEC FLOW RATE .80 CFM 

SAMPLE P6SITION eFT) PER CENT ME.THANE CONCENTRATION COEFFICIENT 
X Y Z K 

261 -2'8 0 2.46 .89 
365 -163 0 2.98 1.1 
400 0 0 1.6l .58 
365 163 0 1.30 .41 
261 2.8 0 .06 .23E-Ol 
921 -3'0 0 .17 .28 
980 -199 0 1.25 .45 

1000 0 0 .61 .24 
980 199 0 .71 .28 
921 3.0 0 .09 .32E-01 .... 

1960 -3.8 0 .62 .22 \0 
(]\ 

1990 -210 0 .56 .20 
2000 0 0 .38 .14 
1990 280 0 .31 .13 
1960 3.8 0 .18 .65E-Ol 
2000 0 11 .36 .13 
2000 0 33 .24 .86E-Ol 
2000 0 67 .19 .69E-01 
2000 0 133 .06 .23E-Ol 
2000 0 200 0.00 O • 
3316 -3'9 0 • 39 .14 
3394 -200 0 .3! .12 
3400 0 0 .25 .91E-Ol 
3394 280 0 .24 .88E-01 
3316 399 0 .08 .30E-01 
4984 -400 0 .01 .21E-01 
4996 -200 0 .16 .59E-Ol 
5000 0 0 .04 .13E-01 
4996 280 0 .13 .46E-01 
4984 410 0 .11 .38E-01 
6600 0 0 .13 .46E-01 

0 0 0 0.00 O. 

TablE' 10-63 



RUN NUMt:4E.R 31MV 

PROTOTYPE CONDITIONS MOU[L CONDITIONS 

DIKE CONFIGURATION LOW SCAL[ 1-£00 
DIKE MATERIAL CONCRETE:. SOIL GI-no TYPt:.. 5 
TIME EQUIVALfNT 1 110 SEC WINU SPEt:.O 1.b2 FT/S 
wINO DIRECTION 45 ~TRATIfICATION o C 
WINO SPEED 23.0 fT/S ~t:.Lt: A St. GAS 40.b MW 
STRATIFICATIO~i NEUTRAL ~tLEASE GA~ TEMP. l2 C 
ROIL OFf' RATE 850 LBt.,/SE.C ,.LOw WATt. .tiO CFM 

SAMPLE POSITION (FT) PE.R CENl ~ETHAN£ CO~CENTHATION COEFfIClt:..NT 
X Y Z t( 

450 0 0 1.19 .43 
450 0 17 .B9 .32 
450 0 33 .~o .18 
450 0 67 .~3 .1~ 
450 0 133 .04 .13E-Ol 
450 0 200 0.00 o. 

1023 -232 0 ..1.4'1 1.3 
1023 -232 33 1.3~ .50 
1023 -232 100 .13 .41E-Ol 
1023 -232 167 .O~ .5tit:..-02 
1050 0 0 .6~ .24 
1050 0 17 .61 .22 
1050 0 33 .41 .11 
1050 0 67 .2~ .':Iit-Ol 
1050 0 133 .03 .92t-02 
1050 0 200 .01 .lHI:.-02 
1023 232 0 1.7u .61 .... 
1023 232 33 .93 • 31+ 1.0 

1023 232 100 .H7 .31 -."J 

1023 232 167 .O~ .6~I:.-02 
2050 0 0 • 71 • .t.t> 
3450 0 0 .90 .3~ 
3450 0 61 .2'-; .10 
3450 0 200 .u3 .11j1:.-Ol 
3450 0 300 .uB .,cHI:.-Ol 
3450 0 400 .02' .041:.-U2 
5050 0 0 ."15 .31+ 
5050 0 67 .~t> • <-i!::>E:.-O1 
'5050 0 200 .03 .30E-Ol 
5050 0 ~OO .OJ .111:.-01 
50'50 0 400 .OJ .~41:.-02 
6650 0 (I .~~ .30 

Table 10-64 



RUN NUfoIaEA 3l6e 

PROTOTYPE C8NOITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE l-cOO 
DIKE MATERUL CONCRETE SOIL GffID TYPE 6 
TIME EQUIYALENT 1 170 SEC WINO SPEED 1.62 FT/S 
jjIND DIRECTION 4~ STRATIFICATION o C 
WINO SPEED Z3.0 FT IS Rt-LEAS£" GAS Ib.O MW 
STRATIFICATION NEUTRAL Rt.LE4SE GAS TEMP. -1~5 C 
BOIL OFF /cATE 850 LSp.l/SEC HOjj RATE .80 CFM 

SAMPLE POSITION (FT) PEP CENT METHANE CONCENTRATION COEFfICIENT 
X Y Z K 

317 -298 0 14.01 !).l 
415 -163 0 14.48 !).2 
450 0 0 2.59 .94 

*450 0 33 1.14 .41 
*450 0 67 .11 .38E-01 
*450 0 133 .01 .4bE-02 
*450 0 200 .06 .23E-Ol 

415 163 0 10.8l 3.9 
317 2'8 0 9.1Z 3.3 

*971 -390 0 3.48 1.3 
1030 -199 0 2.44 .88 

*1030 -199 33 .54 .20 
*1030 -199 100 .24 .e6E-Ol 
*1030 -199 167 .04 .16E-01 
*1050 0 0 1.13 .41 
*1050 0 33 .30 .11 
*1050 0 67 .09 .34E-Ol .... 
*1050 0 133 .02 .67E-02 

!Q 
00 

*1050 0 200 .03 .91£-02 
1030 199 0 1.57 .57 

*1030 199 33 .44 .16 
*1030 199 100 .08 .31E-Ol 
*1030 199 167 .Ot .45E-02 

*971 3410 0 2.56 .93 
Z010 -398 0 2.49 .90 
Z040 -zeo 0 .8l .30 
Z050 0 0 1.04 .31 

*ZO'50 0 50 .30 .11 
*2050 0 100 .li .44E-01 
*Z050 0 200 .0C! .63E-02 
*2050 0 300 .01 .22E-02 

2040 210 0 1.22 .4-. 
2010 39A 0 .52 .1<,1 
3426 -399 0 1.21 .46 
3444 -280 0 .66 .24 
3450 0 0 .98 .3!;) 

*3450 0 67 .Z. .93E-01 
*3450 0 200 .01 Tab Ie 10-65 .24E-Ol 
*3450 0 300 .02 .88E-02 
*3450 0 400 .01 .25E-02 

3444 2eo 0 1.00 .36 
3426 399 0 .le .10 
5044 -232 0 .55 .20 
5050 0 0 .63 .23 
50150 0 61 .31 .11 
5050 0 200 .Ob .21E-01 
5050 0 300 .02 .13£-02 
5050 0 400 .00 .13E-02 
5044 232 0 .68 .25 
6650 0 0 .48 .11 



RUN NUMRER 36 

PROTOTYPE CONDITIUN~ 

DIKE CONfIGU~ATION 
DIKE MATERIAL CONC~ETf. 
TI~E EQUIvALENT 1 
WINO DI~ECTION 
wINO SPEED 
STRATIFICATION 
~OIL OfF RATE 

SAMPLE POSITION (FT) 
X Y 1 

311 -298 0 
41'i -163 0 
450 0 0 
415 16~ 0 
317 29M 0 
911 -390 0 

1030 -199 0 
1050 0 0 
1030 199 0 

911 390 0 
2010 -398 0 
2040 -200 0 
2050 0 0 
2040 200 () 

2010 39A 0 
2050 0 11 
2050 0 33 
2050 0 b1 
2050 0 133 
2050 0 200 
3426 -399 0 
3444 -200 0 
3450 0 0 
3444 200 0 
342f1 399 0 
5034 -400 0 
504b -200 (} 

5050 0 () 

5046 200 0 
5034 400 0 
6650 0 0 

0 0 0 

LOW 
~(HL 

170 SI:.C 
45 

9.H f-T/S 
'jTDbl~ 

850 L·-H"/5f:C 

~tR rr_Nl !·k THAl\it::. 

1~.55 
l"'.~B 
14.01 
~O.53 
Ib.':)j 

• 7~ 
.l) 
.4( 
.53 
.53 
.Ob 
.21 
.34 
.3~ 
.32 
.24t 
.3b 
.-56 
.01 
.1b 
.21 
.2fj 
.2'1 
.jj 
.lJ~ 
.li I 
.1j 
.ul 
.~1 
.11 
.1 ~ 

lJ.OO 

Table 10-66 

MUO~L CONOITIONS 

~l~LE 
C;Io(Iu TYPl 
wl"D SPt.t:.O 
~ 1 RAT 1""1 CA T ION 
I-?t:Lt.~St: GAS 
~I:.L~ASt GAS T~MP. 
",LOw HAlt:. 

lU~CI:.NTkAlION CUlFtICII:.NT 
K 

1.'J 
1.b 
1.4 
~.O 
1.N 
• 7bt_-O 1 
.71f.-Ol 
.46t:.-01 
.,:)U:'-OI 
.'''It.-Ol 
.b~f-O~ 
.lOt.-Ol 
.J3f_-Ol 
.:Hf-Ol 
.3lt:.-U1 
.23f.-UI 
.3~t:.-Ol 
• ~~E.-01 
.1~t:.-O~ 
.lbt.-Ol 
.20t.-Ol 
.2dt::-Ol 
.2<JI:.-Ol 
.32f-01 
.52t:.-O~ 
.fll(:-02 
.1~f.-01 
.7~~-02 
.20t:.-Ul 
.11t-Ol 
.17t:.-U1 

l'. 

1-200 
'J 

./1 FT/S 
18 C 

40.6 Milt 
~2 C 

.HO CFM 

.... 
\0 
\0 



RUN NUMBER 36V 

PROTOTYPE C6NDITIONS 

DIKE CONFIGURATION 
DIKE MATERIAL CONCRETE 
TIME EQUIVALENT 1 
WIND DIHEGTlON 
WINO SPEED 
STRATIFICATION 
BOIL OFF MATE 

SAMPLE POSITION (FT) 
X Y Z 

450 0 0 
450 0 17 
450 0 33 
450 0 67 
450 0 133 
450 0 200 

1023 -232 0 
1023 -232 33 
1023 -232 100 
1023 -232 167 
1050 0 0 
1050 0 11 
1050 0 33 
1050 0 67 
1050 0 133 
1050 0 200 
1023 232 0 
1023 232 33 
1023 232 100 
1023 232 167 
2050 0 0 
3450 0 0 
3450 0 61 
3450 0 200 
3450 0 300 
3450 0 400 
5050 0 0 
5050 0 67 
5050 0 200 
5050 0 300 
5050 0 400 
6650 0 0 

LOW 
SOIL 

170 SEC 
4!) 

9.tt FT/S 
STABLE 

850 LBM/SEC 

PER CENT METHANE 

15.24 
4.24 
1.21 
.56 
.39 
.17 

1.05 
1.32 

.32 

.11 

.72 

.88 
1.21: 
.56 
.35 
.211 
.29 
.811 
.54 
.21 
.43 
.41 
.32 
.19 
.oa 
.O} 
.19 
.11 
.15 
.06 
.02 
.22 

MODEL CONDITIONS 

SCALE 
GRID TYPE 
wINO SPEED 
STRATIFICATION 
RELEASE GAS 
R~LEASE GAS TEMP. 
FLOW RATE 

CONCENTRATION COEFFICIENT 
K 

Table 10-67 

1.5 
.41 
.12 
.55E-Ol 
.38E-Ol 
.16E-Ol 
.10 
.13 
.31E-Ol 
.I1E-O 1 
.10E-Ol 
.86E-Ol 
.12 
.55E-Ol 
.34E-Ol 
.19E-Ol 
.29E-Ol 
.18E-Ol 
.52E-01 
.28E-Ol 
.42E-Ol 
.46E-Ol 
.32E-Ol 
.18E-Ol 
.29E-02 
.12E-02 
.18E-Ol 
.14E-01 
.14E-Ol 
.58E-02 
.19E-02 
.22£-01 

1-200 
5 

.11 FT /5 
24 C 

40.6 Mill 
22 C 

.80 CFM 

N 
o 
o 



RUN NU~8ER 3bC 

PROTOTYPE CONOITIONS MOOEl CONOITIONS 

Ol~E COhFIGURATION lmlf SCALf.. l-l00 
DIKE MATERIAL CONCHETf SOIL (;HI0 TYPt. 6 
TI~& EQUIVALENT 1 170 Sc:C ",It.jO SPt.~O .11 FTIS 
WIN DIRECTION '+:, S T RAT I f I A T1 ON 29 C 
WINO SPEED ~.H fT/S kt.Lt:ASE GAS 16.0 MW 
STRATIFICATION STAblE Ht.LiAS~ bAS TtMP. -115 C 
BOIL OFF RATE 850 It:S~ISt.C fL.OVII HATf .80 CFM 

SA~PlE POSITION (FT) Pl:P rt::NT ~ETt1ANt:: CONCt.NTHATION COt.FflCIt.NT 
X Y Z K 

311 -298 0 13.20 J..3 
415 -163 (t 1<+.OJ 1.4 
450 ° 0 1.2t; .71 

*450 0 33 l.22 .22 
*450 ° 67 .2, .2'+t-OI 
*450 0 133 .09 .81E-02 
*450 0 200 .0 ... .43t.-02 

415 163 0 11.81t 1.2 
317 29A 0 b.8} .66 

*911 -390 0 '.).4~ .53 
1°30 -199 0 8.50 .d3 

* 030 -199 33 .04 .62t.-Ol 
*1030 -199 100 .11 .llt.-Ol 
*1030 -199 167 .0.3 .26E-02 
* 050 0 0 ,+.3'+ .'+2 
*1050 0 33 2.14 .21 
*10*;0 0 67 .62 .60f-Ol N 
*10C;0 0 133 .0'1 .8'+t.-Ol 0 

*1050 0 200 • Ott- .j~t.-02 ..... 
1030 199 0 6.9 .. .btt 

*1030 1~9 33 1.96 .19 
*1030 199 100 .05 .4bE-02 
*1030 199 107 .1c .1lt.-Ol 

*911 390 0 0.00 o. 
2010 -398 () 3.21 .31 
2040 -200 0 0.56 .b4 
2050 0 () .... 90 .4d 

*2050 0 SO v.OO o. 
*2050 0 100 .00 .25E-OJ 
*2050 a 200 .Ou .ldt.-OJ 
*20~0 0 300 .01 .12t.-02 

2040 200 0 4.~ti .'+~ 
2010 391'3 0 J.,:)o .JS 
3426 -399 0 c..21 .22 
344. -200 0 J.lb ... H 
3450 0 () 3.90 .39 

*3450 0 til .10 .l~t.-Ol 
*3450 () 700 .01.1 .23t.-03 
*3450 0 3\}0 .(U .28E-02 
*3450 0 400 .OJ. .l'+t.-Oc 

3444 200 0 i::.3'l .23 
3426 399 () j.38 .33 
5044 -2'~2 0 t.,jO .22 
5U50 0 0 2.0j .20 
5050 0 67 .4,j .42t.-01 
5050 0 lOO .04 • 36£::-U2 
5050 a 300 .ld .1.jE-02 
5050 0 400 .vi) .l4E-UJ 
5044 232 0 . k.' • I!;) ...... ,-+ 
6650 0 0 .... t:!. .90t.-01 

Table 10-68 



RUN NUMBE~ 236 

PROTOTYPE CONDITIONS 

DIKE CONFIG~RATION 
DIKE MATERIAL CONCRETE 
TIME EQUIYALENT 1 
WIND DIHECTION 
WIND SPEES 
STRATIFICATION 
BOIL OFF lUTE 

SAMPLE POSITION (FT) 
X Y Z 

317 -298 0 
415 -163 0 
450 0 0 
415 163 0 
317 2.8 0 
971 -390 0 

1030 -199 0 
1050 0 0 
1030 199 0 

971 3'0 0 
2010 -3'8 0 
2040 -280 0 
2050 0 0 
2040 200 0 
2010 3.8 0 
2050 0 17 
2050 0 33 
2050 0 67 
2050 0 133 
2050 0 200 
3426 -3'9 0 
3444 -2'0 0 
3450 0 0 
3444 200 0 
3426 399 0 
5034 -490 0 
5046 -20U 0 
5050 0 0 
5046 2eo 0 
5034 400 0 
6650 0 0 

0 0 0 

LOW 
SOIL 

170 SEC 
45 

16.4 FT/S 
STABLE 

850 LHM/SEC 

PER CENT METMANE 

26.80 
25.81 
c2.01 
27.88 
20.8~ 

.44 

.42 

.49 

.48 

.49 

.27 

.33 

.35 

.31 

.39 

.45 

.70 

.52 

.00 

.05 

.15 

.21 

.31 

.32 

.05 

.O! 

.04 
0.00 

• 10 
.14 
.04 

0.00 

MODEL CONDITIONS 

SCALE 
GHJl> TYPE 
wIND SPEED 
STRATIFICATION 
Rt:LEASE GAS 
RELEASE GAS TEMP. 
FLOW RATE 

CONCENTRATION COEFFICIENT 
K 

Table 10-69 

4.3 
4.1 
3.5 
4.4 
3.3 
.70E-Ol 
.67E-Ol 
.1BE-Ol 
.16E-Ol 
.18E-Ol 
.43E-01 
.52E-Ol 
.56E-Ol 
.50E-Ol 
.63E-01 
.72E-Ol 
.11 
.84E-Ol 
.43E-03 
.82E-02 
.25E-Ol 
.43E-Ol 
.50E-01 
.51E-Ol 
.82E-02 
.13E-02 
.65E-02 

O • 
.16E-01 
.22E-Ol 
.65E-02 

o. 

1-200 
9 

1.16 FT/S 
25 C 

40.6 MW 
22 C 

.80 CFM 

N 
o 
N 



RU", NU~BEH 336 

PROTOTYPE CONDITIONS 

DIKE CONFIGUwATln~ 
DI~E MATERIAL CONC~ETE 
TI~E EQUIVALf.~'T 1 
WINO DIRECTION 
WINO SPEED 
STRATIFICATION 
BOIL OFF RATE 

SAMPLE POSITION (FT) 
X Y Z 

317 -298 0 
415 -163 0 
450 0 0 
415 163 0 
317 298 0 
971 -390 0 

1030 -199 f) 
1050 0 0 
1030 199 0 

971 390 0 
2010 -398 0 
2040 -200 0 
2050 0 0 
2040 200 0 
2010 398 0 
2050 0 17 
2050 0 33 
2050 0 "7 
2050 0 133 
2050 0 ?OO 
3426 -:.:199 (' 

3444 -200 0 
3450 0 0 
3444 200 lo) 

3426 399 u 
5034 -400 0 
5046 -200 0 
5050 0 0 
5046 200 0 
5034 400 0 
0650 0 0 

0 0 0 

LOW 
S,HL 

IT0 SFC 
4S 

23.1,; fT/S 
~TAi1Lt:. 

850 L~t-1/~ft: 

Pt. I-( C F.. ~~ r ME: T H ~ I'll t 

39.1.i5 
34.b~ 
~b.16 
~~.~3 
1~.f)'i 

.54 

.72 

.d4 

.td 

.91 

.3'+ 

.4(; 

.Set 

.S~ 

.64 

.bo 
1.00 

.5:' 

.56 
u.OO 

.2'i 

.3'i 

.~b 

.76 

.10 

.1 b 

.11 .0.., 

.3'+ 
•. :H 
.ltj 

~j. G L 

Table 10-70 

MODEL CONtU TIONS 

SCALE 
br< ILJ TYPE 
W 1 r~u ~Pf:.ED 
STKATh'lCATION 
HtLt:'ASE. GAS 
HtLtASt:. GAS Tt:.MP. 
fLOw kAT€ 

CUNC~NTwATION COEFFICIENT 
K 

t1.'i 
1.7 
:>.8 
5.0 
~.8 
.1 ~ 
.16 
.1'J 
.ld 
.2~ 
.7!::lt:.-Ol 
.11 
.13 
.13 
.14 
• I!:> 
.t4 
.1 C 
.13 

O • 
• 66f-Ol 
.B1E-Ol 
.13 
.11 
.30E-Ol 
.3:>t:.-Ol 
.3'JE-Ol 
.70f.-U2 
./6t-Ol 
.o~E-OI 
.41E-Ol 

o. 

l-~OO 
9 

1.62 FT/S 
lit C 

40.6 '4W 
l2 C 

.fiO CFM 

N 
o 
~ 



RUN NUMBER 3361/ 

PROTOTYPE CONDITIONS 

DIKE CONF!G~RATION 
DIKE MATERIAL CONCRETE 
TIME EQUIVALENT 1 
WIND DIRECTION 
WIND SPEED 
STRA TIF ICA nON 
BOIL OFF RATE 

SAMPLE POSITION (FT) 
X Y Z 

450 0 0 
450 0 17 
450 0 33 
450 0 67 
450 0 133 
450 0 200 

1023 -232 0 
1023 -232 33 
1023 -232 100 
1023 -232 167 
1050 0 0 
1050 0 17 
1050 0 33 
1050 0 67 
1050 0 133 
1050 0 200 
1023 232 0 
1023 232 33 
1023 232 100 
1023 232 167 
2050 0 0 
3450 0 0 
3450 0 67 
3450 0 200 
3450 0 300 
3450 0 400 
5050 0 0 
5050 0 67 
5050 0 200 
5050 0 300 
5050 0 400 
6650 0 0 

LOW 
SOIL 

170 SEC 
45 

23.0 FT/S 
STA~LE. 

850 LBMISEC 

PER CENT METHANE 

13.71 
2.23 

.8T 

.72 

.22 

.04 
1.79 
1.32 

.58 

.1e1 
1.81 
1.76 
1.08 

.68 

.34 

.o§ 
1.58 

.95 

.48 

.17 

.60 

.64 

.32 

.01 

.02 

.00 

.41 

.23 

.09 

.03 

.01 

.40 

MODEL CONDITIONS 

SCALE 
GHID TYPE 
WIND SPEED 
STRATIFICATION 
Rt.LEASE GAS 
RELEASE GA~ TEMP. 
FLOW RATE 

CONCENTRATION COEFFICIENT 
K 

Table 10-71 

3.0 
.50 
.19 
.16 
.49E-Ol 
.86[-02 
.40 
.29 
.13 
.23E-01 
.40 
.39 
.24 
.15 
.75E-01 
.l1E-01 
.35 
.21 
.11 
.31E-01 
.13 
.14 
.70E-01 
.17E-Ol 
.36E-02 
.11E-02 
.92E-01 
.50E-Ol 
.20E-Ol 
.69E-02 
.13E-02 
.88E-Ol 

1-200 
5 

1.62 FTIS 
24 C 

40.6 MW 
22 C 

.ttO CFM 

N 
o 
.j>. 



RUN NUMtiER 33bC 

PROTOTYPE CONOITI1NS M00EL CONDITIONS 

DIKf CONFIGU~ATIO~ If)w sc.; A Lt". I-t:oO 
DIKE MATERIAL CONCRETl SOIL bId l' TypE:. 0 
TIME' EQUIvALENT 1 17U st.C wiNU SPt.1:.1.J 1.62 FT/S 
wIND OIHECTION 4':> S r ~A r If I CA T ION t:l C 
WIND SPEED 1."3.0 foTIS fJt.Lt.ASf GAS 16.0 MW 
STRATIFICATION STA~SE HI::.LEASt HAS Tt.~P. -110 C 
ROIL OFF RATE o L~"'/SEC f-LOw ~ATE .HO CFM 

SAMPLE POSITION (FT) PER CI::.~T MET~ANc CONCENTRATIO~ CO~FFICI~NT 
X Y 1 K 

317 -2qa 0 Ij.~-; 3.1 
415 -163 0 11.11 ~.::> 
4C:;O 0 0 2.1 .. .61 

"450 I} 33 .7,1 .11 
"450 0 67 .2 .. .')~I:.-Ul 
"450 0 133 .11 .c6t-Ol 
"450 0 200 .Ol .15E-Ol 

415 163 0 6.70 l.~ 
317 298 0 h.t!':i l.t; 

"971 -390 0 7.39 1.6 
1030 -199 0 b.Sl 1.9 

*1030 -199 33 1.cO .21 
"1030 -199 100 .30 .tHt.:.-O 1 
"1030 -199 167 .Ob .13E-OI 
*1050 0 0 '-l.bU l.2 
*1050 0 33 3.1 .. .H3 
*10C:;O 0 67 1.0 .. .t:'3 tv 
*1050 0 133 .12 .i'61::-01 0 

*10'50 0 200 • u ( .11t--Ol VI 

1030 199 0 ,::>.71'1 1.3 
*1030 199 33 c.oo .4!:> 
"1030 199 100 .0':1 .19t:.-Ol 
"1030 199 167 .04 .9ft-Oc 

*971 390 0 t:'.U2 .45 
2010 -39A 0 4.41 .':iH 
2040 -cOO 0 ·,f.lo 1.6 
2050 0 0 4.03 .90 

"2050 0 50 1.1 ... .t:'!:> 
"2050 0 100 .11 .411:.-01 
"2050 0 200 .Uj .loE-Ot:' 
"2050 0 300 .00 .691:.-0:'; 

2040 200 0 4.1'+ .9t: 
2010 398 0 ~.90 .6b 
342fo1 -399 0 2.;;') .60 
3444 -200 0 ... 1 1 .93 
3,+50 0 0 't.14 .'ji. 

"3450 0 67 •. ,H,:, .79t:.-Ol 
"3450 0 200 .ul .2lf.-02 
*3450 0 300 .0., .1lE.-OI 
"3450 0 400 .O~ .44E-02 

3444 ~OO 0 i. Tn .01 
3426 399 0 c:.qi. .6!:> 
5044 -232 0 J.C:::> .7i. 
5050 0 0 J.12 .O\j 
!:>050 0 67 ..... c .Q41:.-Ul 
5050 0 200 .u" .13E.-Ol 
5050 0 300 • i;o .1,+£:.-01 
5050 0 400 .. II i. .41£:.-Oc 
5044 232 0 t:. .. i::C: .49 
6650 0 0 c.Ul:.' .4!:> 

Table 10-72 



RUN NUMBER 17 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATIO~ LOW SCALE 1-200 
DIKE MATERIAL SOIL GHID TYPE 2 
TIME EQlJ I WALENT 1000 SEC wIND SPEED .11 FT/S 
III 11110 DIRECTlO~ 4~ STRATIF ICA lION o C 
WIND SPEE9 9.~ FT/S Rt-LEASE GAS 40.6 Mill 
STRATIFICATION IIIEUTRAL RtLEASE GAS TEMP. 22 C 
BOIL OFF lUTE 27~ L~M/SfC FLOW RATE .28 CfM 

SAMPLE POSITION (FTI PER CENT METHANE CONCENTRATION COEFfICIENT 
X Y Z K 

187 -234 0 7.18 3.4 
270 -130 0 7.69 3.6 
300 0 0 .85 .40 
270 130 0 3.45 1.6 
187 234 0 2.12 1.0 
702 -3e4 0 1.87 .88 
775 -198 0 1.68 .79 
800 0 0 .54 .25 
775 198 0 .79 .37 
702 384 0 .11 .51E-01 N 

0 
1343 -395 0 1.04 .49 (]\ 

1386 -280 0 .66 .31 
1400 0 0 .37 .17 
1386 290 0 .39 .18 
1343 395 0 .22 .10 
2367 -3'8 0 .30 .14 
2392 -210 0 .33 .16 
2400 0 0 .23 .11 
2392 280 0 .03 .15E-01 
23"7 3'8 0 .11 .54E-01 
3578 -399 0 .22 .10 
3594 -210 0 .20 .93E-01 
3600 0 0 .11 .81E-01 
3594 200 0 .14 .66E-01 
3578 399 0 .06 .30E-01 
4984 -400 0 .12 .57E-01 
4996 -2QO 0 .14 .66E-Ol 
5000 0 0 .13 .63E-01 
4996 280 0 .07 .33E-01 
4984 ,..0 0 .07 .33E-01 
6000 0 0 .19 .48E-01 

0 0 0 0.09 O. 

Table 10-73 



RUN NUMBER I7C 

PROTOTY~E CONDITIONS 

DIKE CONFIGURATION 
DIKE MATERIAL 
TIME EQuIVALENT 
WINO DIRECTION 
WINO SPEED 
STRATIFICATION 
BOIL OFF RATE 

SAMPLE POSITION 
)( Y Z 

317 -298 
415 -163 
450 0 
415 163 
317 29A 

1030 -199 
1030 199 
2010 -39~ 
2040 -200 
2050 0 
2040 ~oo 
2010 398 
342h -399 
3444 -200 
3450 0 
3444 200 
3'+26 399 
5044 -232 
5050 0 
5050 0 
5050 0 
5050 0 
5050 0 
5044 232 
6650 0 

o 
o 
o 
o 
o 
o 
o 
o 
g 
o 
o 
o 
o 
o 
o 
o 
o 
o 

67 
200 
300 
400 

o 
o 

(FT) 

LOW 
SOIL 
}UOu SE.C 

~~ 

~.~ FT/S 
~f_UT to{AL 

t!,7-:, L~M/SI-C 

p~~ CtNT ME.T~ANt 

4.3~ 
4+.24 
2.~o 
3.h4 
].l~ 
1.':1 .. 
1.'>d 
1.53 
1.37 

.<;0 

.70 

.~2 
1.(17 
.~~ 
.~~ 
.vl 
.~J 
.i!f.J 
.21: 
.04 
.00 

0.00 
u.vv 

.2.j 
• (II 

Table 10-74 

MODtl CON~lTION~ 

~c.;Alf.. 
bHILJ TYPE:. 
wIND ~P~E:.O 
::, }lolA T If Ie4 T ION 
~t.Lt~.A Sf GAS 
~E.lEASE GAS TfM~. 
t-U).- ~A Tt 

CUNC~NTHATION COtfFICIENT 
t< 

1.1:S 
1.1:S 
1.it! 
l.b 
1.3 
.til 
.66 
.64 
.~1 
.38 
.3~ 
.34 
.45 
.2!::J 
.23 
.~, .. H·.-02 
.22 
.1~ 
• 93E-Ol 
.16E.-01 
.11t:.-02 

u. 
o. 

.'161::-01 

.29E-Ol 

l-~UO 
10 

.11 ""TIS 
o C 

10.0 -...., 
-165 C 
.~d CfoM 

IV 
o ...... 



RUN NUMBER 217 

PROTOTYPE CONDITIONS MUDtL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATEIiII"L SOIL GHID TYPE 4 
TIME EQl,;IULENT 1000 SEC WIND SPEED 1.16 FT/S 
WIND DIRECTION 4!:> STRA TIF ICA nON o C 
WINO SPEE9 16.4 FT/S RE.LEASE GAS 40.6 MW 
STRATIFICATION NEUTRAL RE.LEASE GAS TEMP. 22 C 
BOIL OFF RATE 21!) LHM/SEC FLOW HATE .28 CFM 

SAMPLE POSITION (FT) PER CtNT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

267 -298 0 1.46 1.0 
365 -163 0 2.41 1.1 
400 0 0 .57 .40 
365 163 0 .83 .59 
267 298 0 .n .74E-Ol 
921 -3'0 0 .52 .36 
980 -199 0 .88 .62 

1000 0 0 .39 .28 
980 1'9 0 .43 .30 
921 390 0 .01 .52E-01 tv 

1960 -398 0 .45 .32 
0 
00 

1990 -280 0 .38 .21 
2000 0 0 .20 .14 
1990 280 0 .11 .12 
1960 3'8 0 .19 .13 
2000 0 17 .20 .14 
2000 0 33 .14 .91E-Ol 
2000 0 67 .01 .52E-Ol 
2000 0 133 0.00 o. 
2000 0 200 .OJ: .31E-02 
3376 -3'9 0 .30 .21 
3394 -200 0 .21 .15 
3400 0 0 .13 .93E-Ol 
3394 200 0 .12 .82E-Ol 
3376 399 0 .08 .56E-Ol 
4984 -490 0 .11 .18E-Ol 
4996 -200 0 .14 .97E-01 
5000 0 0 .04 .30E-Ol 
4996 280 0 .06 .45E-Ol 
4984 400 0 .05 .33E-Ol 
6600 0 0 .01 .52[-01 

0 0 0 0.00 o. 

Table 10-75 



RUN NUMHEQ 317 

PROTOTYPE CONOITIU~S 

DIKE CONFIGU~ATln~ 
DIKE" ~ATERJAL 
TIME EQUIVALENT 
WINO DIRECTION 
WINn SPEED 
STRATIFICATION 
ROIL OFF RATE 

SAMPLt PQ5ITION (F r ) 
X Y Z 

261 -2qA () 

365 -163 0 
400 0 u 
365 163 0 
261 2Q~ 0 
921 -3'10 0 
9AO -19Q 0 

1000 0 0 
980 199 (I 

921 3QO u 
1960 -39~ (I 

1990 -200 0 
2000 0 0 
1990 200 0 
1960 398 0 
2000 0 17 
2000 0 33 
2000 0 h7 
2000 0 133 
2000 () 200 
3316 -399 () 

33Q,+ -200 t) 

3400 0 n 
3394 200 () 

331h 39Q 0 
4984 - .. 00 () 

4996 -21)0 I.J 
5000 0 r, 
4996 200 0 
49A4 400 0 
6600 0 0 

0 0 0 

Ll)w 
~()IL 
IJOU ~t.C 

4'j 

cJ.V fT/S 
I'll" UT~AL 

r!.7., LHM/')tC 

~~~ r~NT ~tTHANE 

.01 

.34 

.7t! 

.u/; 
O.Ou 
.0) 
.j~ 
.)~ 
• 1 ~ 
.01 
.U6 
.lb 
.l~ 
.ij 
.02 
.1:' 
• 1 ~ 
.U~ 
.03 
.01 
.07 
.U'1 
.()"i 
.01:) 
.O'j 
.()c 
.03 
.Ot! 
.04 
.02 
.u .. 

J.llv 

Table 10-76 

~U0~L LUNOITIONS 

SCAU:. 
bf-l}O TYf-'t:. 
wI ''it) SPE.bJ 
':-ITI-lATHICATION 
HtLt:ASt:. GAS 
~tL~ASt bAS TtM~. 
t-LOw RATE. 

CONCfNT~ATIO~ cutf~ICItNT 
K 

.7H:-Ol 

.3:' 

.7'+ 

.Hcf-ui 
U. 

.c7t-Ul 

.33 

.33 

.In 

.1:>4t-Uc 

.bUt-OI 

.17 

.1'+ 

.1'+ 

.2ct-Ol 

.lb 

.13 

.l.:Ict-UI 

.3.H:.-Ul 

.llt.-Ol 

./It-Ul 

.'-icf---Ol 
• "it1t-lJl 
.t1·/~-Ul 
.4"it-Ul 
.lnt.-Ol 
.J.3t-Ol 
.2r!.t-.-Ul 
.4,jt-U! 
.t!2~-01 
.3bt-Ol 

u. 

l-cUO 
'+ 

1.62 FTIS 
o C 

4U.b Mw 
~2 C 

.c8 CFrA 

N 
o 
\0 



RUN NUMBER 317C 

PROTOTYPE CONDITIONS ~ODEL CONDITIONS 

DIKE CONFIGURATION LOlli SCALE 1-200 
DIKE ~ATERUL SOIL GHID TYPE 10 
TIME EQUIVALENT 1000 SEC ~IND SPEED 1.62 FTIS 
~IND DIRECTION 4!) STRATIFICATION o C 
WINO SPEED 23.0 FTIS RtLEASF. GAS 16.0 M~ 
STR~ TIF ICATION NEUTRAL R[LEASE GAS TEMP. -165 C 
BOIL OFF lUTE 275 LBM/SEC FLO~ RATE .28 CFM 

SAMPLE POSITION eFT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 2.83 2.9 
415 -163 0 1.53 1.6 
450 0 0 .21 .21 
415 163 0 .43 .44 
317 298 0 1.76 1.8 

1030 -199 0 .41 .42 
1030 199 0 .16 .16 
2010 -398 0 .3l .33 
2040 -280 0 .1S .15 
2050 0 0 .08 .79E-Ol N 

2040 200 0 • Oli .92E-Ol 
...... 
0 

2010 398 0 .21 .28 
3426 -399 0 .15 .16 
3444 -2'0 0 .11 .12 
3450 0 0 .06 .65[-01 
3444 280 0 .00 .36E-02 
3426 34j9 0 .14 .14 
5044 -232 0 .08 .79E-01 
5050 0 0 .05 .50E-Ol 
5050 0 67 .03 .28E-Ol 
5050 0 200 .01 .75E-02 
5050 0 300 .01 .72E-02 
5050 0 400 .00 .37E-02 
5044 232 0 .05 .4HE-01 
6650 0 0 .05 .48E-O 1 

Table 10-77 



RUN NUMBER 37 

PROTOTYPE C6NOITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATERIAL SOIL GHID TYPE 9 
TIME EQUIVALENT 1000 SEC WINO SPEED .71 FTIS 
WIND DIREeTION 4!) STRATIFICATION 21 C 
WINO SPEED ':1.1:1 FT/S RELEASE GAS 40.f.l MW 
STRATIFICATION STABLE R~LEASE bAS TEMP. ac 
BOIL OFF lUTE 215 LBM/SEC fLOW RATE .28 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 3.00 .84 
415 -163 0 6.97 1.9 
450 0 0 8.lf 2.3 
415 163 0 5.5S 1.5 
317 2.8 0 5.88 1.6 
971 -3'0 0 .16 .44E-01 

1030 -199 0 .18 .51E-Ol 
1050 0 0 .18 .50E-01 
1030 199 0 .17 .48E-01 

971 3.0 0 .12 .33£-01 ;:: 
2010 -3'8 0 .05 .14E-01 
2040 -210 0 .OS .14E-Ol 
2050 0 0 .05 .15E.-01 
2040 280 0 .05 .15E-Ol 
2010 3'8 0 .08 .21E .. Ol 
2050 0 17 .10 .27E-Ol 
2050 0 33 .14 .39E-Ol 
2050 0 67 .18 .50E-ol 
2050 0 133 .13 .36E-Ol 
2050 0 200 .01 .18E"01 
3426 -399 0 .02 .61E"02 
3444 -280 0 .03 .91£-02 
3450 0 0 .04 .12E-Ol 
3444 200 0 .03 .91E-02 
3426 399 0 .01 .30E-02 
5034 -400 0 .ot .29E-02 
5046 -200 0 .Ot .26E-02 
5050 0 0 .02 .45E-02 
5046 200 0 .04 .11E-Ol 
5034 400 0 .02 .61E-02 
6650 0 0 .03 .76E ... 02 

0 0 0 0.00 O. 

Tahle 10-7R 



RUN NUMBER 37C 

PROTOTYPE CONOITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE l-l00 
DIKE MATERIAL SOIL GHID TYPE 10 
TIME EQUIVALENT 1000 SEC wINO SPEED .11 FTIS 
WINO DIRECTION 4~ STRATIFICATION 19 C 
WIND SPEED 9.H FTIS RELEASE GAS 16.0 MW 
STRATIFICATION SHBlE RELEASE GAS TEMP. -165 C 
BOIL OFF AATE 21!:1 LBM/SEC FLOW RATE .28 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -2.e 0 4.97 1.4 
415 -1t13 0 5.10 1.4 
450 0 0 1.56 .43 
415 163 0 4.64 1.3 
317 298 0 1.4a .40 

1030 -199 0 2.81 .80 
1030 199 0 2.44 .68 
2010 -3'8 0 2.21 .61 
2040 -200 0 1.98 .55 
2050 0 0 1.49 .41 ~ 
2040 280 0 1.35 .38 N 

2010 3.e 0 1.42 .40 
3426 -399 0 1.40 .39 
3444 "'2eo 0 1.31 .31 
3450 0 0 1.07 .30 
3444 280 0 1.00 .28 
3426 399 0 1.14 .32 
5044 -232 0 .86 .24 
5050 0 0 .60 .11 
5050 0 67 .20 .56E-Ol 
5050 0 200 .02 .65E-02 
5050 0 300 .01 .27E-02 
5050 0 400 .01 .37E-02 
5044 232 0 .68 .19 
6650 0 0 .53 .15 

Table 10-79 



RUN NUMBER 237 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CO~FIGURATIOH LOw SCALE 1-200 
DIKE MATERIAL SOIL GRID TYPE 9 
TIME EQUIVALENT 1000 SEC wINO SPEED 1.16 FTIS 
WINO DIRECnON 4~ STRATIFICA nON 25 C 
"tNO SPEED 16.4 FT/S Rt-LEASE GAS 40.6 MW 
STRATIFICATION STABLE RELEASE GAS TEMP. 22 C 
80tL OFF AATE 21~ L8M/SEC FLOW R~TE .28 CFM 

SAMPLE POSiTION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -2.8 0 5.82 2.6 
415 -163 0 10.99 ~.o 

450 0 0 12.24 5.6 
415 163 0 10.33 1t.1 
317 2.8 0' 1.94 3.6 
971 -3.0 0 .16 .13E-Ol 

1030 -1.9 0 .11t .66E-01 
1050 0 0 .19 .88E-01 
1030 199 0 .16 .13£-01 
971 3.0 0 .Ui .73E .. 01 :::: 

2010 -398 0 .10 .46£-01 VI 

2040 -210 0 .09 .41£ .. 01 
2050 0 0 .0& .38E-Ol 
2040 2.0 0 .01 .31£-01 
2010 3.& 0 .0' .38£-01 
2050 0 17 .12 .56£-01 
2050 0 33 .11 .75£-01 
2050 0 67 .1' .88£-01 
2050 0 133 .0& .28£-01 
2050 0 200 .o! .62E-02 
3426 -3.9 0 .02 .11£-01 
3444 -210 0 .06 .28E .. Ol 
3450 0 0 .07 .31£-01 
3444 210 0 .06 .28£-01 
3426 3.9 0 .Ol .11E-Ol 
5034 -400 0 .00 .12E-02 
5046 -210 0 .00 .12E-02 
5050 0 0 .01 .62E-02 
5046 210 0 .01 .62£-02 
5034 410 0 .00 .12E-02 
6650 ., I) .09 .12£-02 

0 0 0 0.00 o. 

Table 10-80 



RUN NUM8ER 331 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION lOW SCALE 1-200 
DIKE MATERIAL SOIL GHID TYPE 9 
TIME EQUIVALENT 10aU SEC wINO SPEED 1.62 FT/S 
WINO DIRECTION 4~ STRATIFICATION 26 C 
WINO SPEED 23.0 FTIS Rt.LEASE GAS 40.6 MW 
STRA TI FlCA TION STA8LE Rt.LEASE GAS TEMP. 22 C 
BOIL OFF RATE 27!:1 LBM/SEC flOW RATE .28 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -2'8 0 .46 .Z9 
415 -163 0 1.14 4.9 
450 0 0 8.84 5.6 
415 163 0 1.31 4.1 
311 198 0 4.32 2.1 
911 "3'0 0 .4! .26 

1030 -199 0 .4} .26 
1050 0 0 .53 .34 
1030 199 0 .53 .34 

971 390 0 .38 .24 N 

2010 -3.8 0 .14 • 9Z£-01 
.... 
"'" 2040 -210 0 .22 .14 

2050 0 0 .26 .16 
2040 200 0 .ZZ .14 
2010 3.8 0 .24 .16 
2050 0 17 .29 .19 
2050 0 33 .33 .21 
2050 0 61 .19 .12 
2050 0 133 0.00 o. 
2050 0 200 0.00 o. 
3426 -399 0 .O':IJ .59£-01 
3444 -2eO 0 .16 .99£-01 
3450 0 0 .16 .10 
3444 Z.O 0 .20 .13 
3426 399 0 .01 .84£-02 
5034 "'480 0 .02 .15E-Ol 
5046 -2tO 0 .041 .17E-02 
5050 0 0 0.00 o. 
5046 200 0 .08 .48£-01 
5034 4.0 0 .Oll .48E-01 
6650 0 0 .03 .18E-Ol 

a 0 0 0.00 o. 

Table 10-81 



RUN NUM~ER 331C 

PROTOTYPE CONnITION~ 

DIKE CONFIGU~ATION 
DIKE ~ATERIAl 
TIME EQUIVALEt.JT 
WINO DIRECTIOtv 
WINO SPEED 
STHATIFICATION 
ROIL OFF wATE 

SA~PLE POSITION (FT) 
)( Y 7 

311 
415 
.. 50 
.. 15 
317 

1030 
1030 
2010 
c040 
2050 
2040 
2010 
342~ 
3441f. 
3450 
344 If. 
3426 
5044 
S050 
50C;0 
50'50 
5050 
50'50 
5044 
tl650 

-298 
-163 

o 
IbJ 
29~ 

-199 
199 

-39~ 
-200 

o 
200 
39f' 

-399 
-200 

o 
200 
399 

-232 
o 
o 
o 
o 
o 

?3? 
o 

o 
o 
n 
H 
o 
t) 
o 
o 
o 
o 
Q 
(' o 
o 
(j 

o 
(\ 
o 
o 

67 
?()(J 
300 
41)(1 

II 
(\ 

L()~ 

SOIL 
1000 Sf C 

4!':) 
2J.0 FT/S 

STAt:iLE 
f!7':J LBM/~tC 

~~~ CtNT ~ET~AN~ 

2.6.: 
i. /'l 
l.b~ 
1.4~ 
1.45 
:'.4\) 
2 • .,3 
J.2'l 
4.12 
3.12 
2.5~ 
~.11 
1.74 
2.60 
2.31 
1.~~ 
1.51 
1.1b 
2.07 

.41 

.OJ 

.O~ 

.u1 1.'" 
1.3-+ 

Table 10-82 

"'OOEL (.ONOITIONS 
~l,;ALf.: 
CitH u T ytlt::: 
~ 1 NI) SPEt:O 
SI~ATIFICATIl)N 
t-It,U:..ASt C;AS 
~tLtASE bAS ltM~. 
.. Li)w KA Tt. 

tO~C~NTRATION COlf~lCltNT 
K 

1.1 
1.8 
1.1 
.90 
.92 
3.4 
1.1 
~.1 
~.b 
2.0 
J..b 
1.J 
1.1 
1.7 
1.5 
l.~ 
.9b 
1.1 
1.3 
.2b 
.33E-Ol 
.14E-Ol 
.8'JE-02 
1.1 
.ti5 

1-~OO 
10 

l.b2 FT/S 
19 C 

Ib.O MW 
-1bO C 

.28 C~M 

N ..... 
tit 



RUN NUMBER 18 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATERIAL CONCRETE GMID TYPE 2 
TIME EQUIWALENT 1000 SEC WINO SPEED .11 FT IS 
WIND DIRECT'ION 45 STRATIF ICA HON o C 
WINO SPEED 9.8 FTIS Rt-LEASE GAS 40.6 ... w 
STRATIFICATION NEUTRAL RELEASE GAS TEMP. 22 C 
BOIL OFF RATE 116 LBMISEC fLOW RATE .11 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y l K 

187 -234 0 2.56 2.1 
270 -130 0 2.88 3.0 
300 0 0 .32 .33 
270 130 0 .85 .90 
187 234 0 .IV .11 
702 -384 0 .39 .41 
775 -ICj8 0 .66 .70 
800 0 0 .36 .38 
775 198 0 .11 .18 
702 384 0 .09 .94E"'01 ~ 

1343 -3'5 0 .22 .23 C]\ 

1386 "210 0 .19 .20 
1400 0 0 .12 .13 
1386 210 0 .ll .11 
1343 395 0 .03 .33E-Ol 
2367 "398 0 .06 .61E-01 
2392 -210 0 .OJ .14E-01 
2400 0 0 .08 .SOE-Ol 
2392 280 0 .06 .61£-01 
2367 398 0 .03 .33E-01 
3578 -3'9 0 .08 .80E-Ol 
3594 -ZIO 0 .06 .60E-Ol 
3600 0 0 .08 .80E .. Ol 
3594 ZIO 0 .04 .41E ... Ol 
3578 399 0 .03 .33£-01 
4984 -410 0 .OS .54E-Ol 
4996 -210 0 .08 .81E-Ol 
5000 0 0 .05 .54E-Ol 
4996 280 0 .04 .41£-01 
4984 400 0 .04 .40E-01 
6000 0 0 .08 .80[-01 

0 0 0 0.00 o. 

Table 10-83 



RUN NUMBER IdC 

PROTOTYPE CONOITIONS MOOEL CONOITIONS 

OIKE CONFIGURATION LOW SCALE 1-200 
OIKE MATERIAL CONCRETE GRIO TYPE 10 
TIME EQUIVALENT 1000 SEC WINO SPEEO .11 FT /S 
WIND DIRECTION 45 STRATIFICATION o C 
WINO SPEED 9.8 FT/S Rt.LEASE GAS 1&.0 MW 
STRA TIFICATION NEUTRAL RELEASE GAS TEMP. -130 C 
BOIL OFF RATE 116 LBM/SEC FLOW RATE .11 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

311 -298 0 1.42 1.5 
415 -163 0 1.64 1.1 
450 0 0 1.42 1.5 
415 163 0 1.61 1.1 
311 298 0 .73 .77 

1030 -1'9 0 .75 .19 
1030 199 0 .41 .50 
2010 -398 0 .39 .42 
2040 -210 0 .38 .40 
2050 0 0 .51 .54 !:::! 
2040 280 0 .31 .33 00 

2010 3.8 0 .21 .28 
3426 -3'9 0 .15 .1& 
3444 -280 0 .16 .11 
3450 0 0 .18 .19 
3444 2eO 0 0.00 o. 
3426 399 0 .13 .14 
5044 .. 232 0 .Ob .63[-01 
5050 0 0 .04 .39[-01 
5050 0 67 .OU .18E-02 
5050 0 200 0.00 o. 
5050 0 300 0.00 o. 
5050 0 400 0.00 O. 
5044 232 0 .Olt .39E-Ol 
6650 0 0 .01 .82E-02 

Table 10-85 



RUN NUMBER IdC 

PROTOTYPE CONOITIONS MOOEL CONOITIONS 

OIKE CONFIGURATION LOW SCALE 1-200 
OIKE MATERIAL CONCRETE GRIO TYPE 10 
TIME EQUIVALENT 1000 SEC WINO SPEEO .11 FT /S 
WIND OIRECTION 45 STRATIFICA nON o C 
WINO SPEED 9.8 FT/S Rt.lEASE GAS 1&.0 MW 
STRA TIFICATION NEUTRAL RELEASE GAS TEMP. -130 C 
BOll OFF RATE 116 lBM/SEC FLOW RATE .11 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

311 -298 0 1.42 1.5 
415 -163 0 1.64 1.1 
450 0 0 1.42 1.5 
415 163 0 1.61 1.1 
311 298 0 .73 .77 

1030 -1'9 0 .75 .79 
1030 199 0 .41 .50 
2010 -398 0 .39 .42 
2040 -210 0 .38 .40 
2050 0 0 .51 .54 !:::! 
2040 280 0 .31 .33 00 

2010 3.8 0 .21 .28 
3426 -3'9 0 .15 .16 
3444 -280 0 .16 .11 
3450 0 0 .18 .19 
3444 2eo 0 0.00 o. 
3426 399 0 .13 .14 
5044 .. 232 0 .Ob .63E-01 
5050 0 0 .04 .39E-Ol 
5050 0 67 .ou .18E-02 
5050 0 200 0.00 o. 
5050 0 300 0.00 o. 
5050 0 400 0.00 o. 
5044 232 0 .Olt .39E-Ol 
6650 0 0 .01 .82E-02 

Table 10-85 



RUN NUMf::\E~ 21~ 

PwOToTvPE CO~l'ITION,:) 

DIKE CONFIGU~ATlnN 
DIKE ~ATERIAL 
TIME EQUIvALf~T 
WINO DIRECTION 
_INn SPEED 
S T RAT I F I CAT to,..! 
ROIL OFF RATf 

SAMPLE POC;ITION (F" T ) 
l( '( Z 

2t,1 -2Q~ l) 

365 -163 0 
400 0 0 
365 163 0 
261 29~ u 
921 -3~0 0 
9AO -199 0 

1000 0 tl 
980 19q· (I 

921 390 0 
1960 -39M (i 

1990 -200 0 
2000 0 0 
19QO ~oo (I 

19f,O 3(H~ 0 
2000 0 17 
2000 0 .:n 
?OOO 0 ':"7 
2000 0 133 
2000 0 200 
3316 -399 11 
3394 -200 1I 
3400 0 0 
3394 200 0 
331~ 399 0 
49Q,+ -400 0 
4996 -200 0 
!:IOOO 0 Il 
1+996 200 0 
4984 400 tl 
",600 () 0 

0 0 fJ 

LOwl 
CONCPt:.TE. 

luog !:)f.C 
4~ 

16.4 FT/S 
l\lt:UTI--<L\L 

116 LHM/SfC 

iJtP CI:.~T METHAf'lt 

.19 

.45 

.4':; 

.IH 

.lI'S 

.0,+ 

.24 

.1M 

.16 .o:} 

.1Ia 

.14 

.111 

.00 

.ll-; 

.v'1 

.u:) 

.00 
U.UJ 
.J~ 
.lII 
.u8 
.05 
.06 
• ')4 
.u2 
.0.; 
.01 
.U4 
.03 
• 'j4 

.'.00 

Table 10-86 

~0J~l CUNDITIONS 

,;:)(;ALf. 
t.;,t<ll) TYPI:. 
~1~D Sf.Jf:.fu 
"11-<,,T1fJCATION 
~t:.Lt.ASt. GAS 
Ht.LtASI:. 6AS Tt~~. 
.. LOiN ~ATt: 

CON(;r~TkATIO~ COl:.rfICIENT 
K 

• .3'::» 
.bU 
.M! 
.32 
.H~I:.-U! 
.bbf:.-UI 
.1+3 
.3,j 
.tb 
.1+7t.-Ol 
.10 ./!" .10 
• 11 
.9'+1:.-01 
.lb 
.'Il+t-UI 
.1U 

J. 
.~Cjt.-Ul 
.le 
.1 ':) 
.ti:)t:.-Ol 
.111 
• 16t:.-Ol 
.?~f::..-Ol 
.47t·.-OI 
.l~t-Ol 
.70t-Ol 
.41t .. -Ol 
.hbf_-Ol 

I-cOO 
4 

1.10 FT/S 
o C 

40.6 fl4W 
~l C 

.11 CFf14 

to.) .... 
~ 



RUN NUMBER 318 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGUR.TION LOW SCALE 1-200 
DIKE MATERIAL CONCRETE GNID TYPE 4 
TIME EQUIVALEt-4T 1000 SEC WINO SPEED l.b2 FT/S 
WINO DI~ECTlON 4!) STRATIFICA TION o C 
WINO SPEED 2J.U FTIS RtLE.SE GAS 40.6 MW 
STR. TIFICA nON NEUTRAL RtLEASE GAS TEMP. 22 C 
BOIL OFF RATE 116 LBM/SEC FLOW RATE .11 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

261 -21J8 0 .02 .42E-Ol 
365 -163 0 .06 .15 
400 0 0 .31 .98 
365 163 0 .OJ .83E-Ol 
261 298 0 0.00 O. 
921 -390 0 0.00 O. 
980 -1'9 0 .01 .19 

1000 0 0 .15 .39 
980 1.9 0 .05 .14 
921 3.0 0 .02 .42E-Ol tv 

tv 

1960 -3'8 0 .01 .14E-O 1 0 

1990 -210 0 .0' .19 
2000 0 0 .01 .21 
1990 2'0 0 .05 .12 
1960 3.8 0 .02 .55E-Ol 
2000 0 17 .O? .19 
2000 0 33 .05 .14 
2000 0 61 .05 .12 
2000 0 133 .03 .69E-Ol 
2000 0 200 .02 .42E-Ol 
3316 -3'9 0 .03 .69E-Ol 
3394 -200 0 .04 .97£-01 
3400 0 0 .02 .42E-01 
3394 280 0 .04 .11 
3376 3'9 0 0.00 o. 
4984 -410 0 .01 .28E-Ol 
4996 -200 0 .03 .69E-Ol 
5000 0 0 .04 .11 
4996 280 0 .OJ .83E-01 
4984 4.0 0 .02 .55E-01 
6600 0 0 .02 .42E-Ol 

0 0 0 0.00 o. 

Table 10-87 



PUN I\lU~f!E.~ "~l~ \} 

PROToTYPE CUl\lr'IT IiI~l::') 

OI~f CO~FIGUWATION 
OIl(f MATE~IAL 
TIME E(JUIVAlfNT 
WI"'O OIPECTIO,," 
WINO ~PEEn 
STR"TIFICATI(W 
ROIL OFF QaTE 

SAMPLt:: PO';ITJ0'" (~'l l 
~ Y 7 

450 0 (I 

4';0 0 1"7 
4C;O 0 l i 
4'iC 0 t-,l 
4S0 0 li1 
450 0 2M, 

1023 -~32 (i 

10?1 -23? :·n 
10?3 -2]2 lOll 
1023 -~3? lfo17 
1050 0 0 
10"0 0 17 
1050 0 Jj 
1050 n 67 
10~0 0 In 
10':lO IJ ?IJ{) 
1023 ~32 rt 
1023 232 ~3 
1023 232 Ion 
1023 23~ 167 
20~0 0 f' 
34'iO 0 II 
3450 t) f-I7 
34c.,0 (I ?O(I 
34C;O U H)(\ 

34':'0 il 4011 
~OC;O II l. 
5050 0 67 
5050 n ? 0 rl 
5050 0 100 
5050 0 400 
6650 (I [, 

LOW 
enNCREIE 

IIJOu Sf: C 
'.5 

23.'0 fT/S 
NeUl~l\l 

- 116 LI3",l/SEC 

P~P CENT M~THANt 

.51.1 

.52: 

.lI'::' 

.~-J 

.04 

.03 

.1~ 

.u9 

.0'::' 

.01 

.16 

.t:'J 

.If 
• 1 1 • v:::' 
.C .. 
• 1 S 
.of 
.0'1 
.ll'" 
.1 S 
• i:3 .iJq 
.u4 
.1I) 
.uu 
.u'q 
.07 
.01 
• C,I.I 
• U 1 .OA 

Table 10-88 

MUUtL CUNUITIONS 

:--CALt-
(';Hli) TYPE. 
'}1} NU Sr>t:.tO 
~J .... ~TltlCArl0N 
~t.L1·A5f: bA~ 
~tLtASt GA~ TtMP. 
,..LOw t<ATt; 

CLNC~NTHATIUN Cut~~lCltNT 
t( 

.1.3 

.1.4 

.60 

.16 

.11 

.h~t_-u 1 
•. if 
.lJ 
.~Ot::-Ol 
.21t:.-Ol 
.60 
.60 
.~6 
.2~ 
.1e: 
.':16t:.-Ol 
.J-J 
.1 I 
.ll 
.11 
.J~ 
• j'.:) 
.ll 
.10 
.7':1t.-Ol 
.30t.-O~ 
.~~ 
.l~ 
.31t--Ul 
.30t:-u~ 
.lbf-Ol 
.20 

I-cOO 
~ 

I.b'? FT/S 
o C 

4U.6 Mw 
e2 C 

.11 CfM 

N 
N .... 



RUN NUMBER 31SC 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATERIAL CONCRETE GIHD TYPE 10 
TIME EQUIVALENT 1000 SEC WIND SPEED 1.62 FT/S 
WIND DIRECTION 4!; STRATIFICATION o C 
WIND SPEED 23.0 FT/S ~t.LEASE GAS 16.0 MW 
STRA TIF ICAlION NEUTRAL ~~LEASE GAS TEMP. -lb5 C 
BOIL OFF lUTE lIb LBM/SEC FLOW RATE: .11 CFM 

SAMPLE POSITION eFT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 2.08 5.5 
415 -163 0 1.13 3.0 
450 0 0 .14 .31 
415 163 0 .3U .80 
317 298 0 1.16 3.1 

1030 -199 0 .29 .15 
1030 199 0 .21 .54 
2010 -398 0 .26 .69 
2040 -2GO 0 .19 .49 
2050 0 0 .12 .32 N 

N 
2040 280 0 .11 .45 N 

2010 3'8 0 .20 .53 
3426 -399 0 .22 .58 
3444 -200 0 .16 .42 
3450 0 0 .10 .26 
3444 200 0 .00 .11E-Ol 
3426 399 0 .13 .34 
5044 -232 0 .11 .29 
5050 0 0 .10 .25 
5050 0 67 .03 .76E-Ol 
5050 0 200 .01 .18E-Ol 
5050 0 300 0.00 O • 
5050 0 400 • 00 .41E-02 
5044 232 0 .08 .20 
6650 0 0 .06 .16 

Table 10-89 



RUN NUMI4ER .'1 ~~ 

PROTOTYPE:. CO"lfd T IOt-.'':'> 

OIKF. COI'4F I(;UPA Ttl l ,,,) 

OIKE MA'E~IAl 
TIME: EQUIVAlEt-'T 
_ 1 NO 0 IRE C TIn f'.: 
WI~f' c.;FJEEI) 
STRATIFICATIO~ 
ROIL Oft- ~ATf: 

SA"-Plf POSITION (Fl) 
X Y l 

317 -29~ U 
41" -lb3 fi 
4'50 fl () 

415 It:lj 0 
317 2q~ (J 

971 -,qO 0 
1030 -1~C, (, 
10c;o n l' 
lO~O lqQ r 

<;171 ..1~lI ,j 

2010 -:3911 ti 
2040 -ZOO 0 
20C;0 0 () 

2040 200 () 

2010 J9P. (I 

20~O 0 17 
20C:;0 t) 31 
20t;O .) ""7 
20C;0 0 1 33 
20C:;0 U ?OO 
34?foo -j4q 11 
3444 -200 0 
3450 0 (I 
3444 200 () 
342f1 3qq 0 
~034 -400 0 
5046 -200 0 
50S0 0 () 
504~ 200 0 
5034 400 0 
66C;O () 0 

0 (l 0 

LI)W 

COi\'CRl:.l E. 
100U Stl 

45 
9.& ~ liS 

S T 1!.81.;:. 
116 LE-n-1/SfC 

~~R tENT MEfHANt 

.07 
• -, 1 

1.(:\9 
.82 
... 2 
.lb 
.ci. 
.15 
.~j 
.t:U 
.l~ 
.15 
.10 
.14 .1" 
.1~ 
.15 
.06 
.01 
.vl .lv 
.1::S 
.13 
.l..i 
.vl 
.114 
.Od 
.Ub 
.l((j 
.uS 
.08 

u.VU 

Table 10-90 

~UD~L CO~01TIU"'S 

S(."L~ 
lJt-<IO TY~t. 
IN 1"40 S~t:.f lJ 
!'>Ti->ATlf" ICATIOI\J 
'" t L c. A S fo. (; AS 
~I:.LLA~~ ~AS TtM~. 
"'lO", ktoTt:. 

CO~~fNTRATIO'" COtF~lClf~T 
K 

.50".-01 
• .,\.1 
1.2 
.oj~ 
.30 
.l~ 
.1 b 
.1M 
.1 ( 
.14 
.0'11=.-01 
.10 
.1 ~ 
.10 
.l~ 
.1J 
.11 
.<+e:t-Ol 
.,~t- -u~ 
.11':.-Ut!. 
.(">"111:-"1 
• ye:E. - U 1 
.~t:!t:.-OJ. 
.':it:Jt:.-Ul 
.'vt:.-UI 
.e:-'t.-Ul 
• ..,r.H:.-OI 
.... 1:"1:' -I) 1 
.6'1t'-Ol 
.~ht:.-ul 
.':I4t:-Ul 

lJ. 

I-t!.uO 
\} 

• (1 FT/S 
~3 C 

4U.(') '4w 
i!.2 C 

.11 CfP4 

N 
N 
~ 



RUN NU"-BER leV 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CO~FIGURATION LOW SCALE 1-200 
DIKE MATERIAL CONCRETE GNID TYPE 5 
TIME EQUIfALENT 1000 SEC WINO SPEED .11 FTIS 
WINO DIREOTION 45 STRATIFICATION 24 C 
WIND SPEED 9.8 fTlS RELEASE GAS 40.6 MW 
STRATIFlClTlON STABLE RELEASE GAS TEMP. 22 C 
BOIL OFF lATE 116 LBM/SEC FLOW RATE .11 CF'" 

SAMPLE P6S1TION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

450 0 0 .29 .21 
450 0 17 .19 .13 
450 0 33 .05 .32E-Ol 
450 0 67 .05 .32E-01 
450 0 133 .05 .35E-Ol 
450 0 200 .03 .19E-Ol 

1023 -232 0 .02 .17E-O 1 
1023 -232 33 .03 .23E-Ol 
1023 -232 100 .03 .19E-Ol 
1023 -232 167 .Ol .12E-Ol tv 

1050 0 0 .02 .13E-Ol 
tv 
.j::>. 

1050 0 17 .Ol • 17E-01 
1050 0 33 .OJ .24E-01 
1050 0 67 .04 .28E-Ol 
1050 0 133 .03 .20E-Ol 
1050 0 200 .03 .21E-Ol 
1023 232 0 .00 .17E-02 
1023 232 33 .0. .31E-01 
1023 232 100 .04 .26E-Ol 
1023 232 167 .OJ .25E-Ol 
2050 0 0 .02 .16E-Ol 
3450 0 0 .03 .18E-Ol 
3450 0 67 .02 .16E-Ol 
3450 0 200 .03 .21E-Ol 
3450 0 300 0.00 O • 
3450 0 400 .01 • 81E-02 
5050 0 0 .00 .11E-02 
5050 0 67 .ot .84E-02 
5050 0 200 .Ol .15E-Ol 
5050 0 300 .ot .41E-02 
5050 0 400 .02 .18E-Ol 
6650 0 0 0.00 o. 

Table 10-91 



Ru~ NUM~EH J~C 

PROTOTYPt rONnJTION~ 

DIKE CONFIGURATION 
DIKE MATERIAL 
TIME EQUIVALENT 
wINO DIF<ECTION 
WIND StlEEO 
STRATIFICATION 
BOIL OFF RATE 

SAMPLE POSITION (FT) 
X Y Z 

311 -298 0 
41C; -1.,3 0 
450 0 0 
415 163 0 
311 29A 0 

1010 -19~ () 

1030 199 0 
2010 -39~ 0 
2040 -200 0 
20';0 0 0 
2040 200 () 

2010 39A 0 
3426 -399 0 
3444 -200 (J 

3450 0 0 
3444 200 0 
3476 399 41 
5044 -232 0 
5050 0 0 
50'50 0 01 
5050 0 ?OO 
50':;0 0 300 
5050 0 400 
~044 232 (I 

bbC;O 0 0 

LO'l 
CI)I'JC..-E T t. 

luao SEC 
45 

~.8 FTIS 
c.;T~rlLE 

116 L°-1°.,/::,tL 

t->t:.R Ct::Nl 'J.fTH~NE 

1.54 
.J.u,-; 
1.73 
~.34 
l.~c 
1.33 

• '-It!. 
1.1.)~ 

.6M 

.~o 

.':)1 
• r:,°7 
.bU 
.S.J 
.40 
.3~ 
.44 
.31 
.2'1 
.Ob 
.01 
.01 
.00 
.31 
.~t.1 

Table 10-92 

MUUt.l (;ONUITIU~5 

~(;ALE 
b~IO TYPE 
'I'd Nt) SPEED 
~T~AT(fICATIUN 
~t:.Lt."Sf. bAS 
~tLtASF GAS Tt:.~P. 
I"L('}w f'(ATf 

~UNCr~THATI0~ COtFFI(;ltNT 
K 

1.1 
t!.t! 
1.~ 
1.1 
.'14 
.~lt 
.b~ 
.13 
.ltd 
.41 
.41 
.40 
.43 
.31 
.t!d 
.t!~ 
.31 
.cb 
.20 
.43t.-Ul 
.IJt:-02 
.10E-02 
.ldt.-U2 
.22 
.cO 

I-t!OO 
10 

.11 FT/S 
29 C 

16.0 Mw 
-110 C 

.11 CFM 

to.,) 
to.,) 
U'1 



RUN NUMBEIIt 238 

PROTOTYPE CeNDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATERIAL CONCRETE GNIO TYPE 9 
TIME EQUIVALENT 1000 SEC WIND SPEED 1.16 FT/S 
WIND DIREI.HION 4!:) STRATlFlCA lION 26 C 
WINO SPEED 16.4 FT/S Rt-LEASE GAS 40.6 MW 
STRATIFICATION STABLE RELEASE GAS TEMP. 22 C 
BOIL OFF RUE lIb LBM/SEC FLOW RATE .11 CFM 

SAMPLE P6SITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -298 0 .06 .73£-01 
415 -163 0 2.16 2.5 
450 0 0 4.48 5.2 
415 163 0 4.95 !:).7 
317 298 0 3.48 4.0 
971 -3'0 0 .13 .15 

1030 -199 0 .12 .14 
1050 0 0 .15 .17 
1030 199 0 .14 .16 

971 390 0 .12 .13 N 

2010 -3'8 0 .08 .91E-01 
IV 
(J\ 

2040 -280 0 .10 .12 
2050 0 0 .n .12 
2040 280 0 .10 .12 
2010 398 0 .11 .13 
2050 0 17 .13 .15 
2050 0 33 .14 .16 
2050 0 67 .09 .11 
2050 0 133 .01 .61E-02 
2050 0 200 .03 .30E-01 
3426 -3.9 0 .06 .73E-Ol 
3444 -2'0 0 .lI: .12 
3450 0 0 .13 .15 
3444 2.0 0 .11 .12 
3426 3.9 0 .03 .37E-01 
5034 -410 0 .02 .24E-01 
5046 -200 0 .04 .43E-01 
5050 0 a .04 .49E-01 
5046 200 0 .08 .91E-01 
5034 400 0 .09 .10 
6650 0 0 .07 .85E-Ol 

0 0 0 0.00 o. 

Table 10-93 



RUN NUMBER 338 

PROTOTYPE C8NDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATE'IAL CONCRETE GRID TYPE 9 
TIME EQUI VALENT 1000 SEC WIND SPEED 1.62 FT/S 
WIND DIRECTION 45 STRA TIFICA nON 26 C 
WIND SPEED 23.0 fT/S RELEASE GAS 40.6 MW 
STRATIFICATION STABLE RELEASE GAS TEMP. 2Z C 
BOIL OFF IUIE lIt» LBM/SEC FLOW RATE .11 CFM 

SAMPLE POSITION eFT) PER CENT METHANE CONCENTRATION COEFFICIENT 
X Y Z K 

317 -2'8 0 .03 .55E-Ol 
415 -163 0 .11 .Z7 
450 0 0 .60 .97 
415 163 0 .5i .86 
317 2.8 0 .08 .13 
971 -3.0 0 .16 .Z5 

1030 -199 0 .18 .29 
1050 0 0 .21 .34 
1030 1.9 0 .2l .37 

971 3.0 0 .21 .34 N 
N 

2010 -3'8 0 .06 • 89E"'01 -.J 

2040 -210 0 .09 .15 
2050 0 0 .13 .21 
Z040 210 0 .1S .24 
2010 398 0 .13 .22 
Z050 0 17 .11 .27 
2050 0 33 .20 .32 
Z050 0 67 .05 .81E-Ol 
2050 0 133 .Ot .13E-Ol 
Z050 0 200 0.00 O. 
3426 -3'9 0 .01 .11 
3444 -zoo 0 .1t .18 
3450 0 0 .14 .23 
3444 210 0 .13 .21 
34Z6 399 0 .08 .12 
5034 -4.0 0 .04 .12E-Ol 
5046 -210 0 .0. .12E-01 
5050 0 0 .0. .64E-Ol 
5046 Z'O 0 .0' .15 
5034 410 0 .07 .11 
6650 0 0 • 09 .1 • 

0 0 0 0.00 o. 

Table 10-94 



RUN NUMBER 338V 

PROTOTYPE CONDITIONS 

DIKE CO~FIGURATIO~ 
DIKE MATERIAL 
TIME EQUIVALENT 
WIND DIRECTION 
WINO SPEED 
STRATIFICATION 
BOIL OFF lUTE 

SA~PLE POSITION (FT) 
X Y 2 

450 0 0 
450 0 17 
450 0 33 
450 0 61 
450 0 133 
450 0 200 

1023 -232 0 
1023 -232 33 
1023 -232 100 
1023 -232 161 
1050 0 0 
1050 0 17 
1050 0 33 
1050 0 61 
1050 0 133 
1050 0 200 
1023 232 0 
1023 232 33 
1023 232 100 
1023 232 161 
2050 0 0 
3.50 0 0 
3.50 0 61 
3.50 0 200 
3450 0 300 
3450 0 400 
5050 0 0 
5050 0 61 
5050 0 200 
5050 0 300 
5050 0 400 
6650 0 0 

LO~ 

CONCRETE 
1000 SEC 

45 
23.0 F'T/S 

STAHLE 
116 LBM/SEC 

PER CENT METHANE 

.63 

.20 

.OS 

.12 

.02 

.O} 

.13 

.12 

.06 

.03 

.1. 

.13 

.09 

.01 

.0. 
0.00 

.13 

.09 

.08 

.01 

.10 

.01 

.0. 

.02 
0.00 
0.00 

.02 

.01 

.02 

.01 
0.00 
.03 

MODEL CONDITIONS 

SCALE 
GHID TYPE 
WIND SPEED 
SlRA TIF ICA nON 
RELEASE GAS 
RELEASE GAS TEMP. 
FLOW RATE 

CONCENTRATION COEFFICIENT 
K 

Table 10-95 

1.0 
.33 
.85E-01 
.20 
.30E-01 
.HE-01 
.21 
.19 
.10 
.43E-Ol 
.23 
.22 
.15 
.11 
.62E-01 

o. 
.21 
.14 
.12 
.13E-Ol 
.15 
.11 
.69E-Ol 
.31E-Ol 

O. 
o. 

.26E-Ol 

.21E-Ol 

.25E-Ol 

.9~E-02 
o. 

.53E-01 

1-200 
5 

1.62 FT/S 
2. C 

.0.6 MW 
22 C 

.11 CFM 

N 
N 
00 



~UN NUM~ER 33kC 

P j.( 0 TOT Y PEe 0 Mil T I 0 "J ~ 

DIKE CO~FIGuQATION 
nIKF.: ..,ATERJAL 
T I ME E l~U I \J ~Lf.t-.tT 
wINf\ DI~ECTION 
WINO S~EEO 
STRATIFICATIOf\: 
HOIL OFF ~ATf 

SAMPLE POSITro~ (fT) 
lC Y 1 

317 -29A () 

415 -161 0 
4';0 0 0 
415 163 0 
317 298 0 

1030 -19q 0 
1030 19q 0 
2010 -3~A 0 
c040 -200 0 
20')0 0 U 
2040 200 0 
2010 3qA 0 
3421'- -399 0 
3444 -200 fI 
34S0 0 0 
3444 200 0 
3426 .j99 0 
5044 ·C3? 0 
5050 0 II 
~o~o 0 67 
~o;o u ?Ot) 
bOCiO f) ~oo 
~oc;o 0 40() 
50 ...... 2.32 0 
b6;0 0 I) 

LO'tt 
Cdf\tCRt.l£ 

1 (J 0 0 ~(.:.t. 
45 

2.3.0 rT/S 
ST/l8le. 

ll~ LB,.vSt:C 

Pt~ ~€NT MtlHANE 

~.26 
t::.l~ 
1.05 
1.4~ 
1.bU 

.93 

.'1i:. 

.C't) 

.oJ 

.::itS 

.40 

.~J. 

.~j 

.30 

.1'1 

.i:.U 

.it 

.il 

.10 

.Jj 

.uli 

.0J. 

.OJ. 

.15 

.U5 

Table 10-96 

MUOtL CONOITrONS 

S1.4Lt:. 
HI'OO TYPt. 
wlNl> SPl:.t:.O 
~H~ATIf leATION 
KtLt.ASE GAS 
WtL~ASt GAS ltMP. 
.. LON WATE. 

CONCtNT~ATION COEf~ICIENT 
j( 

3.t> 
-'.~ 
1.1 
t:!.4 
~.o 
1.::. 
l.~ 
1.4 
1.0 
.01 . .,~ 
.ij] 
.ri~ 
.61 
.30 
• iJ 
.",,3 
.33 
.10 
.""f-Ol 
.4ct-Oc 
.101:.-01 
.1,31:.-01 
.c4 
.141:.-01 

l-cUO 
10 

1.b2 FT/S 
c9 C 

16.0 MW 
-1/5 C 

.11 CfM 

N 
N 
ID 



RUN NUMBER 19 

PROTOTYPE CONDITIONS MODEL CONDITIONS 

DIKE CONFIGURATION LOW SCALE 1-200 
DIKE MATEIltI_L SOIL CONCIoIETE GRID TYPE 2 
TIME EQUIVALENT G.T.10*5 G.T.IO*~ SEC wINO SPEED .71 FT IS 
WINO DIRECTION 4~ S TRA TInCA lION o C 
WINO SPEED 9.~ FT/S Rt.LEASE GAS 40.6 MW 
STRATIFICATION NEUTRAL R~LEASE GAS TEMP. 22 C 
ROIL OFF RATE 94 LBM/SEC FLOW RATE .09 CFM 

SAMPLE POSITION (FT) PER CENT METHANE CONCENTRATION COEFFICIENT 
)( Y Z K 

187 -234 0 1.61 ~.1 

270 -130 0 1.55 2.0 
300 0 0 .14 .18 
270 130 0 0.08 O. 
187 234 0 .01 .90E-Ol 
702 -384 0 .01 .90E-Ol 
775 -198 0 .30 .38 
800 0 0 .24 .31 
775 198 0 .08 .11 
702 384 0 .02 .25E-01 IV 

1343 -395 0 .01 .90E-Ol 
V> 
0 

1386 -200 0 .12 .16 
1400 0 0 .11 .15 
1386 200 0 .09 .11 
1343 395 0 .06 .82E-01 
2367 -398 0 .04 .49E-Ol 
2392 -280 0 .01 .90E-01 
2400 0 0 .01 .90E-01 
2392 200 0 0.08 o. 
2367 398 0 .01 .16E-01 
3578 -399 0 .05 .65E-Ol 
3594 -200 0 .01 .90E-01 
3600 0 0 .03 .41E-01 
3594 2iO 0 .03 .41E-01 
3578 3.9 0 .01 .82E-02 
49F!4 -480 0 .01 .16[-01 
4996 -200 0 .05 .65E-01 
5000 0 0 .06 .74E-01 
4996 ZOO 0 .03 .41E.-01 
4984 410 0 .01 .16E-01 
6000 0 0 .06 .74E-01 

0 0 0 0.00 o. 

Table lO-9i 
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